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Background 
Microorganisms and their byproducts are considered to be the major cause of 
pulp and periradicular pathosis leading to endodontic failure, hence the main objective 
of endodontics is to eliminate microorganisms and provide a hermetic seal coronally 
and apically. This in vitro study was done to evaluate the antimicrobial effect of 
Calcium Hydroxide (Ca(OH)2), 2% Chlorhexidine (CHX), Triple Antibiotic Paste 
(TAP) and Chitosan nanoparticles (CSnps) against Enterococcus faecalis (E.faecalis), 
Streptococcus mutans(S.mutans) and Candida albicans(C.albicans). 
Materials and Methods 
Root canals of 180 freshly extracted single rooted permanent mandibular 
premolar human teeth with straight canals were standardized to a uniform length of 
16mm after decoronation. All the root canals were instrumented with the sequence of 
Universal Protaper rotary system according to the manufacturer’s instructions. The 
coronal two-thirds of the canals were prepared with the shaping files SX. 
Subsequently rotary instrumentation was accomplished to working length using S1, 
S2, F1, F2 and finally F3. The samples were sterilized in an autoclave at 120
o
C for 15 
minutes. Then the samples were broadly divided into three main groups with a sample 
size of 60 teeth (n=60). Each group of samples were contaminated with their 
respective organisms namely E. faecalis, S.mutans and C.albicans and incubated for 
21 days. The samples were further subdivided into four experimental subgroups and 
one control group (n=12). The teeth in each subgroup were treated with one of the 
experimental medicaments namely Ca(OH)2, CHX, TAP and CSnps. Microbial 
samples were obtained from the root canals after 7 days and optical density of the 
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culture was obtained after 24 hrs of incubation using spectrophotometer. The Culture 
density was calculated from the obtained optical density values. 
Statistical Analysis 
Data were analyzed statistically using Statistical Package for Social Sciences, 
(SPSS) version – 10 Software for Windows. Data were expressed in its mean and 
standard deviation and were analyzed using one way ANOVA and Student “t” test. 
Results 
There was a significant reduction in the microbial count for all the 
medicaments tested when compared with the culture group (p Value < 0.05). CSnps 
(E.faecalis 9.4043%, S.mutans 9.8635%, C.albicans 52.4408%) displayed the highest 
antibacterial efficacy and Ca(OH)2 (E.faecalis 74.9883%, S.mutans 76.395%, 
C.albicans 83.2334%), the least. CHX (E.faecalis 20.7217%, S.mutans 37.3200%) 
showed similar antibacterial activity to CSnps (E.faecalis 9.4043%, S.mutans 
9.8635%) but antifungal activity of CHX (C.albicans 77.1233%) was similar to 
Ca(OH)2 (C.albicans-83.2334%) and TAP (C.albicans 80.1833%). Antimicrobial 
activity of TAP (E.faecalis 57.8725%, S.mutans 65.9350%, C.albicans 80.1833%) 
was similar to Ca(OH)2 (E.faecalis 74.9883%, S.mutans 76.395%, C.albicans-
83.2334%). 
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Conclusion  
Within the limitations of the present study, it can be concluded that 
1. All the four medicaments used in this study exhibited significant reduction in 
bacterial count in experimentally infected root canals. 
2. Chitosan nanoparticles (CSnps) had the highest antimicrobial effect against 
E.faecalis, S.mutans and C.albicans, compared to 2% Chlorhexidine (CHX), 
Triple Antibiotic Paste (TAP) and Calcium Hydroxide Ca(OH)2. Hence it can 
be considered as an alternative intracanal medicament to commercially 
available Ca(OH)2.  
3. CHX showed a promising antibacterial activity, but its antifungal activity was 
similar to TAP and Ca(OH)2 . 
4. Antimicrobial activity of TAP was superior to Ca(OH)2 with no statistical 
significant difference but inferior to CHX and CSnps. 
5. Ca(OH)2 was least effective against all the three microorganisms when 
compared to all the tested organisms, hence its use as intracanal medicament 
should be minimized and use of other medicaments should be encouraged. 
 
Keywords: 
Streptococcus mutans, Candida albicans, Spectrophotometry, Calcium 
Hydroxide, Chlorhexidine, disinfection, Enterococcus faecalis, Antibiotics. 
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The objective of endodontic therapy is to remove diseased tissue, elimination 
of bacteria present in the canals and dentinal tubules and to provide a three 
dimensional obturation in order to prevent post - endodontic recontamination
1
. 
Complete debridement and reduction of the bacterial infection from the root canal 
space is necessary for long-term success of endodontic treatment. Therefore 
endodontists should be knowledgeable about the various bacteria related to pulpal and 
periapical pathosis and the mechanism by which they perpetuate inflammatory 
lesions, so that the treatment will be directed towards elimination of microorganisms. 
 Root canal infection is polymicrobial in nature and hence its management 
aims to eliminate microorganisms from the infected root canal and prevent 
reinfection. Cleaning, shaping and irrigating the canal reduce the number of bacteria
2
. 
However, it has been shown that it is impossible to obtain complete disinfection in all 
cases, even after a complete cleaning, shaping and irrigation with disinfectants or 
antiseptics. Therefore, concern exists as to the fate and subsequent activity of the 
remaining microorganisms in the canal. Hence an inter appointment antimicrobial 
medication can be used in inhibiting proliferation and further eliminating microbes 
that survived irrigation, as well as minimizing bacteria from the restoration by 
microleakage
3
. It is generally believed that the number of remaining bacteria can be 
controlled by placing an inter appointment dressing such as Calcium Hydroxide 
Ca(OH)2 within the prepared canal
4
. Therefore it is necessary for a two-visit root 
canal treatment with an inter appointment disinfectant dressing in infected cases. 
Amongst the varied microflora of the root canal system, Enterococcus faecalis 
(E.faecalis) has been reported to be the frequently isolated microorganism in 
obturated root canals exhibiting chronic periapical pathology
5
. Its role in endodontic 
treatment failure is attributed to its ability to invade dentinal tubules, persist any 
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depriving conditions and its resistance to intracanal medicaments
6
. Hence it is of 
greater importance to understand the virulence of the microflora involved and make 
an appropriate selection of a medicament to attain clinical success.  
Streptococcus mutans (S.mutans) is the next most common organism isolated 
from root canal infections and is found to be 28% in the failed root canals
5
. They are 
gram positive organisms found in the infected canals. The surface-attachment 
capacity of S.mutans might be of significance in the pathogenesis of periapical lesion 
since they were found to invade the dentinal tubules
5
. 
Candida albicans (C.albicans) is the most common species of fungi cultured 
from root canals of teeth with post endodontic disease
6
. Because of collagenolytic 
activity, it may be possible for the yeast to use dentin as a nutrient source and promote 
colonization in the root canal. Many studies have reported that C.albicans is able to 
invade dentinal tubules to variable depth
7
. So, to ensure complete elimination of root 
canal pathogens, an effective antimicrobial agent in the root canal is required for a 
predetermined time period for complete eradication of any remaining micro organism. 
Since the introduction of Calcium Hydroxide (Ca(OH)2) to dentistry by 
Hermann in 1920, it has been indicated for various uses in clinical situations. Various 
biological properties have been attributed to Ca(OH)2, such as antimicrobial activity, 
tissue dissolving ability, inhibition of tooth resorption and induction of repair by hard 
tissue formation
7
. It is considered as one of the most effective antimicrobial dressings 
during endodontic therapy and it has been widely used in endodontics as an intracanal 
medicament. 
 Chlorhexidine gluconate (CHX) as a medicament has gained popularity due 
to its with broad spectrum antimicrobial effect
8
. CHX molecule consists of two 
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symmetric 4-cholorophenyl rings and two biguanide groups connected by a central 
hexamethylene chain. Due to the positively charged molecule, CHX interacts with 
negatively charged phosphate groups on the microbial cell wall and causes bacterial 
death. Mechanism of action for CHX is its absorption into the cell wall which causes 
cellular leakage and allows the CHX molecule to penetrate into the bacteria and 
destroys the bacteria. Added advantage of CHX is its substantivity property that aids 
in enhanced antibacterial efficacy
9
. 
Triple Antibiotic Paste (TAP) is a mixture of metronidazole, ciprofloxacin and 
minocycline, has also been used as an intracanal medicament for disinfecting the root 
canal during tissue regeneration. Metronidazole is a wide spectrum bactericidal 
antibiotic. In vitro experiments have shown that 10 μg/ml metronidazole can eliminate 
more than 99% of bacteria found in infected root canals
10
. On the other hand, 
increasing the concentration of metronidazole could not eradicate all the bacteria. 
Therefore to sterilize the infected root canal, other antibiotics such as ciprofloxacin 
and minocycline were added. Minocyclin gives added advantage of longer 
substantivity than CHX.  
Chitosan (CS) is a naturally occurring polysaccharide biopolymer that is 
produced by alkaline partial deacetylation of chitin. Chitin is a straight homopolymer 
consisting of (1,4)linked N-acetyl-glucosamine units, which can be found in the 
exoskeleton of crustaceans such as crabs and shrimps. CS is composed of copolymers 
of glucosamine and N-acetyl-glucosamine. The covalent immobilization of CS on 
dentinal collagen has been proposed to induce the remineralization of the exposed and 
demineralized dentin structure because its functional phosphate groups might bind to 
calcium ions to form a favourable surface for crystal nucleation, resulting in the 
formation of a calcium phosphate layer. CS treatment improves the resistance of the 
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dentinal surface to degradation by collagenase. Furthermore, CS presents with 
biocompatibility, chelating capacity and also antimicrobial effects against a broad 
range of gram- positive and gram-negative bacteria as well as fungi
11
. More over CS 
in its nanoparticle form as chitosan nanoparticles (CSnps) seems to exhibit a better 
antibacterial property against endodontic pathogens.In this limelight, elaborate studies 
with regard to evolving medicaments and their efficacy against the resistance of the 
microorganisms become indispensable.  
Conventional techniques like histologic sections, microbiological analysis and 
transmission electron microscopy are routinely employed for assessment of 
endodontic microflora. Light scattering techniques to monitor the concentration of 
pure cultures have the enormous advantages of being rapid and non destructive. There 
are two methods namely McFarland Turbidity Standard which is a visual assessment 
of the turbidity of the broth whereas Spectrophotometry is the science of measuring 
the light-absorbing and light-transmitting characteristics of the turbidity directly. The 
light-absorbing / light-transmitting characteristics of turbid broth can be measured as 
the optical density using spectrophotometer
12
. 
With the advent of such improved technology, the efficacy of various 
medicaments can be studied and quantified with precision. Additionally, the 
antimicrobial effect required to counteract it based on its potency can be measured 
using the spectrophotometry. Hence, this study is aimed, to comprehend the 
antimicrobial effectiveness of intra canal medicaments against the endodontic 
pathogens with the use of a spectrophotometer. 
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AIM 
 To compare and evaluate the antibacterial efficacy of four intracanal 
medicament against common endodontic pathogens. 
 OBJECTIVES 
To compare and evaluate the antimicrobial efficacy of Calcium Hydroxide, 
2%Chlorhexidine, Triple Antibiotic Paste, and Chitosan Nanoparticles as an intra 
canal medicaments in the eradication of Enterrococcus faecalis, Streptococcus mutans 
and Candida albicans by using spectrophotometry after a period of 7 days. 
NULL HYPOTHESIS 
 The null hypothesis stated that there was no difference in the antibacterial 
efficacy among the four intracanal medicaments against endodontic pathogens used in 
this study. 
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U.Sjogren et al
13
 in 1991 evaluated the antibacterial effectiveness of Ca(OH)2 
when used as a short-term intracanal dressing (10 min/7 days) against anaerobic 
bacteria using culture methods. The results showed that the 7-day dressing efficiently 
eliminated bacteria which survived biomechanical instrumentation of the canal, while 
the 10-minute application was ineffective.  
I.Heling et al
14
 in 1992 studied the effect of CHX in solution and in a 
sustained-release device as an intracanal medication against S.faecalis for a period of 
5 min, 24hr, 48hr or 7 days using a spectrophotometer. It was shown that all the 
medicaments tested were active at every depth up to 0.5 mm, with the exception of 
the 5 min group, in which they were effective up to a depth of 0.4 mm. Therefore it 
was assumed that CHX has a potential role as an effective intracanal medicament. 
 E.Kontakiotis et al
15
 in 1995 evaluated the possible mechanism involved in 
the antimicrobial action of Ca(OH)2 against anaerobic flora, namely absorption of 
carbon dioxide from the root canal using culture methods. Twenty obligate and 20 
facultative anaerobic bacteria isolated from infected root canals were used. For each 
bacterial species a standard concentration was achieved and 0.1 ml of the inoculum 
was spread on blood agar plates, which were consecutively incubated in an anaerobic 
chamber for 5-7 days. One experimental and one control group were studied. The 
experimental groups included one plate with the bacterial species as well as one open 
plate containing 32 g Ca(OH)2 paste at a mixing ratio of 6:4. Both plates were 
incubated in an anaerobic chamber for 72 hrs. The control group included only one 
plate containing the same bacterial species and was incubated under the same 
conditions. After 72-hrs incubation, the numbers of the recovered bacteria were 
counted in both groups. Statistical analysis showed that the number of bacteria 
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recovered from the control group was significantly lower than that of the experimental 
group, but no particular resistance of any bacterial species to Ca(OH)2  could be 
detected. This finding strongly suggests that the ability of Ca(OH)2 to absorb carbon 
dioxide may contribute to its antibacterial activity.  
Siqueira et al
16
 in 1997 evaluated the antibacterial activity of medicaments 
that act by means of contact, and not by vapor release, against obligate and facultative 
anaerobic bacteria commonly found in endodontic infections. The medicaments used 
were 0.12% CHX gel, 10% metronidazole gel, Ca(OH)2  plus distilled water, Ca(OH)2  
plus camphorated paramonochlorophenol (CPMC) and Ca(OH)2  plus glycerin. An 
agar diffusion test was used, and the zones of bacterial inhibition around each 
medicament was recorded and compared. The results revealed that Ca(OH)2 /CPMC 
paste was effective against all bacterial strains tested. CHX was also inhibitory to all 
strains. It was as effective as Ca(OH)2 /CPMC paste against most of the strains. 
Metronidazole also caused inhibition of growth of all obligate anaerobes tested and 
was more effective than Ca(OH)2 /CPMC against two strains. Ca(OH)2 mixed with 
distilled water or glycerin failed to show zones of bacterial inhibition, probably 
because of limitations of the agar diffusion test. 
Love
17
 in 2001 proposed a study to identify a possible mechanism that would 
explain how E.faecalis could survive and grow within dentinal tubules and reinfect an 
obturated root canal using micro titer well experiment. It was postulated that in failed 
endodontically treated teeth, E.faecalis cells remain viable and maintain the capability 
to invade dentinal tubules and adhere to collagen in the presence of human serum. 
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Estrela et al
18
 in 2001 determined the influence of vehicles Ca(OH)2 + saline, 
Ca(OH)2 + 1% CHX solution, Ca(OH)2 + camphorated parachlorophenol, Ca(OH)2 + 
3% sodium lauryl sulphate and Ca(OH)2 + Otosporin on the antimicrobial efficiency 
of Ca(OH)2 by culture methods. It was concluded that the various vehicles associated 
with Ca(OH)2 pastes did not influence the time required for microbial inactivation. An 
antimicrobial effect occurred after 48 hrs on S.mutans, E.faecalis, S.aureus, 
P.aeruginosa, B.subtilis, C.albicans and a mixed suspension containing all the 
microorganisms, irrespective of the vehicle associated with Ca(OH)2 pastes. 
Evans et al
19
 in 2002 investigated the stress response of E.faecalis to Ca(OH)2  
with or without a range of pre-treatment and examined alternative cell mechanisms 
that may be important for survival of E.faecalis at high pH. It was confirmed that 
E.faecalis is resistant to Ca(OH)2 at pH 11.1 or below pH 11.1. An adaptive response 
in alkaline pH and stress induced protein synthesis appeared to play minor roles in 
cell survival however, a functioning proton pump with the capacity to acidify the 
cytoplasm was critical for survival of E.faecalis at high pH. 
Gomes et al
8
 in 2003 assessed the effectiveness of 2% CHX gel and Ca(OH)2, 
separately and combined, as intracanal medicaments, in bovine root dentin against 
E.faecalis using culture methods. One hundred and eighty dentin tubes prepared from 
intact freshly extracted bovine maxillary central incisors were infected in vitro for 7 
days with E.faecalis. The specimens were divided into four groups, according to the 
intracanal medicaments. Group 1: 2% CHX  gel, Group 2: Ca(OH)2  in a viscous 
vehicle (polyethyleneglycol 400), Group 3: 2% CHX gel and Ca(OH)2 and Group 4: 
Brain Heart Infusion (BHI) broth (control group). The medicaments were placed into 
the canal lumen and left for experimental times of 1, 2, 7, 15 and 30 days. After each 
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period, irrigation with sterile saline to remove the medicament was performed and the 
canals were dried with sterile paper points. Dentin chips were removed from the 
canals with sequential sterile round burs at low speed. The samples obtained with 
each bur were immediately collected in separate test tubes containing BHI broth. The 
tubes were incubated at 37
0
 C and daily observed for microbial growth, visualized by 
medium turbidity. CHX gel alone completely inhibited the growth of E.faecalis after 
1, 2, 7 and 15 days. Ca(OH)2 allowed microbial growth at all experimental times. The 
combination of CHX and Ca(OH)2 was effective after 1
st
  and 2
nd
 days  demonstrating 
100% antibacterial action, however, its antibacterial activity was reduced between 7
th
  
and 15
th
  days. Hence it was concluded that 2% CHX gel alone was more effective 
against E.faecalis than Ca(OH)2. However, its antibacterial activity depended on how 
long it remained inside the root canal. 
Nageshwar et al
20
 in 2004 evaluated the efficacy of intracanal medicaments 
comprising Ca(OH)2 and 2% CHX against E. faecalis. 30 maxillary central incisors 
were made into standardized segments and infected with E.faecalis. They were treated 
with a paste made of either Ca(OH)2 + 2%CHX or Ca(OH)2 + saline for 1week. 
Dentinal shavings were collected from the canal, suspended in solution and spread on 
BHI agar. CFU were enumerated and the CFU/mg of dentin was calculated. The 
results showed that the paste made from Ca(OH)2 and CHX was significantly more 
effective than that made from Ca(OH)2  and saline. 
Kwon et al
21
 in 2004 investigated the chemical changes in Ca(OH)2 
introduced into human root canals as a medicament using Fourier transform Raman 
spectroscopy. This study revealed that Ca(OH)2 was converted partly into calcium 
carbonate in the apical region within 2 days. This conversion progressed with time, 
but was slow and approximately 90% of the Ca(OH)2 remained unchanged after 6 
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weeks. From the clinical perspective, it was suggested that Ca(OH)2, as an intracanal 
medicament does not lose activity within a short period and may allow for longer 
inter-visit periods in endodontic therapy.  
Schafer and Bossmann
22
 in 2005 studied the effectiveness of 2% CHX and 
Ca(OH)2 , separately and combined, as intracanal dressing in extracted teeth against 
E.faecalis by microbiological methods. Extracted single-rooted human teeth were 
instrumented up to size 40 using k-file. After removal of the smear layer, an inoculum 
of E.faecalis was inserted into the root canals. After incubation, the inoculum was 
removed and the root canals were filled with one of three different disinfectants 
namely Ca(OH)2 paste, CHX 2%, and a mixture of CHX and Ca(OH)2 paste (n = 10 
in each group). Control teeth were filled with water (n = 10). The teeth were then 
incubated for 3 days. After incubation, each root canal was instrumented, and the 
removed dentin was examined microbiologically. CHX was significantly more 
effective against E.faecalis than Ca(OH)2  paste or a mixture of CHX with Ca(OH)2 
paste . There was no increase in the efficacy of Ca(OH)2 paste when CHX was added. 
The results suggest that CHX is effective in the elimination of E.faecalis from 
dentinal tubules under the conditions of this study. It was found that CHX is effective 
in the elimination of E.faecalis from dentinal tubules and was suggested as a suitable 
alternative to Ca(OH)2  as a root canal dressing.  
Sedgley et al
23
 in 2005 studied whether E.faecalis can survive long-term 
entombment in root filled teeth without additional nutrients. The ex-vivo study 
showed that E.faecalis inoculated into root canals maintained viability for 12 months. 
The clinical implications were that viable E.faecalis entombed at the time of root 
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filling could provide a long-term nidus for subsequent infection if the opportunity 
arises. 
 Abdullah et al
24
 in 2005 compared the efficacy of Ca(OH)2 , 0.2% CHX, 
17% EDTA, 10% povidone iodine, 3% NaOCl for a range of time periods 
(1,2,4,8,15,30 and 60 min) on a clinical isolate of E.faecalis grown as biofilm or 
planktonic suspension phenotype by microbiological methods. The results of this 
study showed that it is harder to eliminate bacteria in biofilms than in planktonic 
suspension in vitro, if the antimicrobial agents do not possess any organic tissue 
dissolving properties. Based on the single species model, the antimicrobial 
effectiveness of test agents was dependent on bacterial phenotype, antimicrobial agent 
and duration of contact with the agent. 
Kayaoglu et al
25
 in 2005 investigated the effect of growth at pH levels from 
7.1 to 9.5 on the adherence of E.faecalis to bovine serum albumin and collagen type I 
using spectrophotometric measurements. It was shown that a minor increase in pH up 
to 8.5, which may be a consequence of insufficient treatment with alkaline 
medicaments such as Ca(OH)2 , increases the collagen-binding ability of E.faecalis, in 
vitro. This can be a critical mechanism by which E.faecalis predominates in persistent 
endodontic infections. 
Rinaudo
26
 in 2006 reviewed the properties and application of chitin and 
chitosan. Chitin is the second most important natural polymer in the world. The main 
sources exploited are two marine crustaceans, shrimp and crabs. It was noted that the 
important research of P. Austin, S. Tokura and S. Hirano, who have contributed to the 
applications of chitin in the various medical field have been discussed and about 
chitosan, which is the most important derivative of chitin, outlining the best 
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techniques to characterize it and the main problems encountered in its utilization was 
given. Chitosan, which is soluble in acidic aqueous media, is used in many 
applications (food, cosmetics, biomedical and pharmaceutical applications). He also 
described the chemical modifications of chitosan, an area in which a variety of 
synthesis have been proposed tentatively, but are not yet developed on an industrial 
scale.  
Ercan et al
27
 in 2006 compared in vitro the effectiveness of various 
medicaments, including Ca(OH)2 / 2% CHX, Ca(OH)2  and 2% CHX alone, against 
E.faecalis and C.albicans by counting colony-forming units. It was concluded that 
CHX is effective against E.faecalis and C.albicans. The antimicrobial effect of 
Ca(OH)2  increased significantly when mixed with CHX. 
Yang et al
28
 in 2006 determined the effects of a smear layer and 2% CHX 
treatment on the adhesion of E.faecalis to bovine dentin by scanning electron 
microscopy. The results suggested that a smear layer enhances the adherence of 
E.faecalis to the dentin, and CHX is effective in reducing the adherence of 
microorganisms. 
Krithikadatta et al
29
 in 2007 evaluated the disinfection of dentinal tubules 
contaminated with E.faecalis by using 2% CHX gel, 2% metronidazole gel and 
bioactive glass when compared with Ca(OH)2  as intracanal medicament using colony 
counting method. It was found that 2% CHX was the most effective against E.faecalis 
compared to other medicaments tested. 
Ballal et al
30
 in 2007 investigated the antimicrobial efficacy of Ca(OH)2  and 
2% CHX and combination of Ca(OH)2 and 2% CHX, against E.faecalis and 
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C.albicans by culture methods in vitro. It was suggested that 2% CHX gel alone as an 
intracanal medicament had a significant antimicrobial effect against E.faecalis and 
C.albicans. It was more effective than Ca(OH)2  paste alone or when used in a 
combination with CHX. 
Blanscet et al
31
 in 2008 determined if varying the percent (by weight) of 
aqueous Ca(OH)2 or using different vehicles (Ca(OH)2 powder and sterile saline in 
40, 50 and 60 percent concentrations and the commercial preparations (UltraCal XS 
and Vitapex) had an effect on its antibacterial efficacy against common endodontic 
pathogens (E.faecalis, Staphylococcus aureus, Bacillus subtilis, Streptococcus 
sanguis, Porphyromonas endodontalis and Prevotella nigrescens) in a pour 
plate/traditional streak agar diffusion model. It was concluded that formulations 
containing 50% to 60% Ca(OH)2 or 35% Ca(OH)2 with aqueous methylcellulose 
resulted in the greatest overall bacterial inhibition of the endo pathogens studied and 
are recommended as endodontic inter appointment medicament. 
Chivatxaranukul et al
32 
in 2008 investigated the dentinal tubule invasion and 
the predilection of E.faecalis for dentinal tubule walls using scanning electron 
microscopy. It was found that E.faecalis readily invaded dentinal tubules even though 
the organism seemed to have low affinity for tubule walls and the adherence was 
higher in the less mineralized inner dentin than outer dentin. Therefore, the initial 
colonization of dentinal tubules by E.faecalis may be primarily dependent on other 
factors such as the environmental conditions inducing surface receptor related gene 
expression. 
Lee et al 
33
 in 2009 examined the effects of chlorhexidine (2% CHX for 6 
hours or with 0.2% CHX for 24 hours) on Lipoteichoic acid (LTA) and determined if 
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CHX can inactivate LTA from E.faecalis and prevent the inflammatory responses 
using enzyme-linked immunosorbent assay. They suggested that CHX can inactivate 
LTA of E.faecalis leading to the alleviation of inflammatory responses induced by 
E.faecalis and its LTA. 
Turk et al 
34
 in 2009 investigated the antimicrobial activity of Ca(OH)2  in 
combination with glycerin, CHX, cetrimide, or distilled water against E.faecalis and 
C.albicans by agar diffusion method. It was concluded that the antimicrobial activity 
of Ca(OH)2  against different microorganisms may change with the type of the 
vehicle. Additive antibacterial and antifungal action can be achieved by combining 
Ca(OH)2  with CHX or cetrimide. E.faecalis was more resistant than C.albicans to 
Ca(OH)2  preparations. 
Ballal et al 
35
 in 2009 compared the antimicrobial activity of 2% CHX gel, 2% 
Chitosan gel and their combination against C.albicans and E.faecalis. Sustained 
release of CHX with Chitosan was determined using UV spectrophotometer. Then the 
inoculae of these organisms were used to make the lawn culture on sabouraud’s 
dextrose agar and blood agar plates. Wells were prepared in these lawn cultures and 
filled with 2% CHX gel, 2% Chitosan gel and their combination. The agar plates were 
incubated over night at 37°C and the zone of inhibition was examined after 48 hrs. 
Release of CHX with Chitosan was better than plain CHX release. Hence it was 
concluded that 2% CHX gel in combination with 2% Chitosan gel had the highest 
antimicrobial effect against C.albicans and E.faecalis when compared with 2% CHX 
gel or 2% Chitosan gel alone. 
Goy et al 
36
 in 2009 reviewed the antimicrobial activity on chitosan and found 
that, chitosan, a versatile hydrophilic polysaccharide derived from chitin, has a broad 
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antimicrobial spectrum to which gram-negative, gram-positive bacteria and fungi are 
highly susceptible. In the current review, three possible and accepted antimicrobial 
mechanisms for chitosan are presented and briefly discussed. The activity depends on 
polymeric molecular weight and degree of acetylation are described. The chitosan 
minimum inhibitory concentrations (MIC) are summarized according to recent data 
found in the literature. The potential to improve inhibitory growth of bacteria by using 
water soluble chitosan derivatives was also discussed. The data indicated that the 
effectiveness of chitosan varies and is dependent on species of target microorganisms. 
Estrela et al
37
 in 2009 critically reviewed the antibacterial efficacy of 
intracanal medicaments on bacterial biofilm. Longitudinal studies were evaluated by a 
systematic review of English-language articles retrieved from electronic biomedical 
journal databases (MEDLINE, EMBASE, CENTRAL) and hand searching records, 
using different matches of keywords for root canal biofilm, between 1966 and August 
1st, 2007. The search retrieved 91 related articles, of which 8.8% referred to in vivo 
studies demonstrated the lack of efficacy of endodontic therapy on bacterial biofilm. 
Intracanal medicaments were found to have a limited action against bacterial biofilm. 
Rasimick et al
38 
in 2010 investigated the substantivity effect of 2% CHX and 
3% doxycycline adsorbed into root canal dentin by using reverse-phase high 
performance liquid chromatography. The amount of antimicrobial remaining on the 
dentin was measured, and the relative influences of hydrolysis, diffusion, and 
chemical reaction were estimated. They finally concluded that CHX is more stable on 
root canal dentin, compared with doxycycline and the half-lives of doxycycline and 
CHX were calculated to be 3 weeks and 14 weeks, respectively. 
Delgado et al
39 
in 2010 tested whether 2% CHX alone or in combination with 
Ca(OH)2 could completely eliminate E.faecalis. The study revealed that both Ca(OH)2 
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and CHX have antimicrobial effects on E.faecalis. CHX had increased antimicrobial 
activity when compared with Ca(OH)2 and when combined showed similar 
antimicrobial activity. They also found viable E.faecalis detectable after 14 days from 
the treatment indicating persistence of this pathogen to remain in a ‘‘viable but 
nonculturable’’ state. 
Kandaswamy et al 
40
 in 2010 studied the antimicrobial activity of 2% CHX 
gel, propolis, Morinda citrifolia juice, 2% povidone iodine and Ca(OH)2 on E.faecalis 
infected root canal dentin at two different depths (200μm and 400μm) at three time 
intervals (1,3 and 5 days) using culture methods. 2% CHX demonstrated significant 
effectiveness against E.faecalis followed by povidone iodine, propolis, Morinda 
citrifolia and Ca(OH)2. 
Rocas and Siqueira
41
 in 2011 studied the antimicrobial effects of chemo-
mechanical preparation supplemented by intracanal medication with Ca(OH)2 during 
treatment of teeth with apical periodontitis using polymerized chain reaction (PCR) 
and reverse checkerboard DNA-DNA hybridization approach. They concluded that 
bacterial levels and number of species were substantially reduced after chemo-
mechanical preparation and intracanal medication. However, presence of detectable 
levels of persisting bacteria indicated that search for more effective strategies are 
needed. 
Upadya et al
42
 in 2011 evaluated the role of efflux pumps in altering the 
susceptibility of E.faecalis biofilms to Ca(OH)2, CSnps, and light-activated 
disinfection (LAD) incorporated with efflux pump inhibitors  by determining the 
colony-forming units. It was found that E. faecalis biofilms were more susceptible to 
LAD, when compared with the tested concentrations of Ca(OH)2  and CSnps. The 
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effect of efflux pump inhibitors was more significant with LAD, when compared with 
Ca(OH)2  and CSnps. 
Signoretti et al
43
 in 2011 investigated whether addition of 2% CHX gel to 
Ca(OH)2  paste interferes with the release of calcium and hydroxyl ions as well as 
with the endotoxin reduction produced by Ca(OH)2  using chromogenic quantitative 
test. In conclusion, none of the pastes evaluated were capable of completely reducing 
the endotoxin inoculated in the root canals. Furthermore, the addition of CHX with 
Ca(OH)2  did not interfere with the chemical properties of Ca(OH)2, which is 
responsible for antimicrobial activity and healing induction of periapical tissues. CHX 
enhanced the capacity of Ca(OH)2  to reduce the endotoxic content of root canals. 
Vaghela DJ et al
44
 in 2011 evaluated the disinfection of dentinal tubules using 
Ca(OH)2 with propylene glycol and Ca(OH)2 with iodoform in silicone oil and 
compared with  2% CHX gel. It was assessed, using a dentinal tubule model at depths 
of 200 μm and 400 μm in extracted single rooted teeth. They concluded that 2% CHX 
gel was effective against both E.faecalis and C.albicans. Ca(OH)2  with propylene 
glycol was the most effective intracanal medicament along with 2% CHX against 
E.faecalis, whereas, Ca(OH)2 with iodoform in silicone oil was the most effective 
intracanal medicament along with 2% CHX against C. albicans. 
Silva et al
45
 in 2011 evaluated the cleaning of the dentinal wall after removal 
of different Ca(OH)2  pastes. Sixty-eight single-rooted teeth were prepared using the 
step-back technique and randomly divided into 4 groups according to medication 
used, Ca(OH)2  with 0.2% CHX solution (Group 1), Ca(OH)2  with propylene glycol 
(Group 2), Ca(OH)2  with antibiotic paste (ciprofloxacin, metronidazole) and distilled 
REVIEW OF LITERATURE  
 
18 
 
water (Group 3), and Ca(OH)2  with antibiotic paste and propylene glycol (Group 4). 
The samples were stored at 37 °C and 100% relative humidity for 21 days. The 
medicaments were removed using 5 mL 1% NaOCl, instrumentation with master 
apical file, 5 mL 1% NaOCl, patency with the K-file #10, ultrasonic instrumentation, 
and 10 mL 17% EDTA. The specimens were analyzed using scanning electron 
microscopy and chemical analysis. The results showed that there were no differences 
between the experimental groups when comparing Ca(OH)2 removal. The chi-square 
test indicated a predominance of Ca(OH)2  obstructing dental tubules in all groups. It 
was concluded that the apical dentin surface remained equally covered by Ca(OH)2 
regardless of the vehicle used. 
Souza et al
46
 in 2012 investigated the substantivity of 2% CHX gel and 
solution within a root canal system for 24 hrs, 30 days and 90 days by chemical 
analysis through reverse-phase high-performance liquid chromatography The results 
indicated that CHX solution and gel were retained in root canal dentin for up to 90 
days.  
Baca et al
47
 in 2012 evaluated over time the antimicrobial substantivity 
against E.faecalis of a dentin-volumetric unit exposed for 1 minute to 0.2% and 2% 
CHX and 0.2% cetrimide by determining the colony-forming units. The results 
showed that 2% CHX used for 1 min provides the longest substantivity followed by 
0.2% cetrimide, when applied to a dentin-volumetric model. 
 Alireza Adl et al
48
 in 2012 determined the antimicrobial ability against 
E.faecalis with TAP and its components compared with Ca(OH)2  mixtures. An agar 
well diffusion assay and MIC method were used to determine the efficacy of the 
experimental medicaments in removing E.faecalis. The largest inhibition zones were 
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observed for the triple antibiotic mixture/saline, triple antibiotic mixture/2% CHX and 
minocycline/saline, and the smallest for Ca(OH)2 /saline, Ca(OH)2 /2% CHX. 
Increased concentration produced greater antibacterial effects in all groups. The MIC 
determination method showed similar results. Finally it was concluded that the TAP 
with either 2% CHX or normal saline would be the preferred medicament against 
E.faecalis and, among its three components, minocycline has the greatest antibacterial 
effect.  
Atila-Pektas et al
49
 in 2013 compared the disinfection capacity of Ca(OH)2 , 
Ca(OH)2 Plus Point (medicated gutta-percha with Ca(OH)2), Activ Point (medicated 
gutta-percha with CHX diacetate), 1% CHX gluconate gel and bioactive glass 
(S53P4), against E.faecalis and S.mutans in dentinal tubules by counting the colony-
forming units. They found that, when compared with the medicaments having an 
antimicrobial effect because of their alkaline pH, the medicaments containing CHX 
were effective against both E.faecalis and S.mutans. 
Mohammed Ali et al
50
 in 2014 evaluated the antimicrobial activity of 
Ca(OH)2 ,  2% CHX,  TAP and nano silver on E.faecalis. Fifty extracted single rooted 
teeth were prepared and were divided into one control and four experimental groups. 
Microbial samples were obtained from the roots after 7 days and optical density of the 
cultures was determined after 24 hrs of incubation. It was found that nano silver was 
not effective against E.faecalis but CHX and TAP were more efficient and can be 
used as an adjuvant intracanal medicament.  
Jaheer et al
51
 in 2014 analyzed the sustained release of intracanal 
medicaments with or without a carrier and evaluated their antimicrobial efficacy in 
root canal against C.albicans and E. faecalis. A total of 80 single-rooted anterior teeth 
were selected, root canal preparation was done, and teeth were divided into two 
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halves and contaminated with C. albicans and E.faecalis, which were further divided 
into four test groups each according to intracanal medicaments used. Chitosan was 
used as vehicle for TAP and Ca(OH)2  and antimicrobial assessment was performed 
on second and seventh day. Dentin samples were collected after each time intervals 
and the number of CFU was determined. It was found that combination of TAP and 
Ca(OH)2 with chitosan produced better results when compared with the combination 
of medicaments with saline. 
Han-Fen et al
52
 in 2015 evaluated the antibacterial and antifungal activity of 
alkylsulfonated chitosan. Novel alkylsulfonated chitosan, produced by 
alkylsulfonation, has become a water soluble, anionic polymer due to the existence of 
hydrophilic alkylsulfonic acid group. The alkylsulfonic acid creates specific 
exchangeable cations, thereby increasing the antimicrobial effectiveness and skin 
tissue compatibility. Alkylsulfonated chitosan demonstrated outstanding microbial 
inhibition against fungal reference strains of Malassezia furfur, Malassezia 
pachydermatis, Trichophyton rubrum, Trichophyton mentagrophytes , and C.albicans, 
together with four different bacteria species of E.coli , P.aeruginosa, S.aureus , and 
Propionibacterium acne. Results indicate that alkylsulfonated chitosan was effective 
in growth inhibition of microorganism strains tested at pH 5-6 and at pH 7. 
D.A. Attia et al
53
 in 2015 conducted an in vitro study, to compare the 
antimicrobial effect of Ca(OH)2  paste , CHX  gel and Antibiotic-Corticosteroid paste 
against S. mutans, E.faecalis and C.albicans in root canal lumen and radicular dentin. 
Eighty four single rooted extracted human teeth with straight root canals were 
selected, decoronated leaving root segments of 15 mm length. All canals were 
prepared up to size 40 master apical file under irrigation with NaOCl solution. Roots 
were sterilized, infected by mixed suspension of the three type’s isolated 
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microorganisms and incubated at 37 
0
C for 14 days. The roots were divided into 4 
equal groups according to the intracanal medications used. Group I: Ca(OH)2 , Group 
II: CHX, Group III: Antibiotic-Corticosteroid paste and Group IV: saline. Each main 
group was further equally subdivided into 3 subgroups according to the isolated 
organism. Subgroup (A): S.mutans, Subgroup (B): E.faecalis and Subgroup(C): 
C.albicans. The medicated roots were incubated for 7 days at 37 
0
C and irrigated to 
remove the medications. Two samples were taken from each canal, one from root 
canal lumen and the other from radicular dentin and cultured on three media selective 
for each tested microorganisms. The growing colonies were counted and recorded as 
colony forming units. CHX gel showed the best effect against all tested 
microorganisms at both experimental sites, while Antibiotic-Corticosteroid paste was 
the least effective and also found that S.mutans was the most sensitive microorganism 
to the whole tested medications, while C.albicans was the most resistant. 
Mozayeni et al
54
 in 2015 compared the antifungal effect of Ca(OH)2, 2% 
CHX and nanosilver gels on C.albicans. Eighty-one single-rooted teeth were selected. 
After root canal preparation, the teeth were contaminated. After culture, the teeth 
were randomly divided into 4 groups. In experimental groups, 24 teeth were selected 
and completely filled with Ca(OH)2, 2% CHX and nanosilver gels in each group. 
Nine teeth were selected in the control group and filled with saline solution. After 1, 
3, and 7 days, samples were obtained using 30 size sterile paper points, and #2 and #4 
Gates Glidden drills and cultured on solid Sabouraud agar. The results demonstrated 
that Ca(OH)2  and 2% CHX had equal antifungal effects on samples taken by paper 
point and #2 Gates Glidden drill at all time points. Both Ca(OH)2 and 2% CHX were 
more effective than nanosilver at all time periods. There was no statistically 
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significant difference between medicaments in samples taken by #4 Gates Glidden 
drill.Ca(OH)2 and 2% CHX gels have significantly higher antifungal activity than 
nanosilver gel. Ca(OH)2  and 2% CHX gels were also equally effective against 
C.albicans. 
Singh and Kasat
55
 in 2015 evaluated the efficacy of 3% sodium hypochlorite 
(NaOCl), 17% ethylenediaminetetraacetic acid (EDTA), calcium hydroxide Ca (OH)2, 
and 2% CHX in various combinations on C.albicans in root canals for 48 hrs and 10 
days. In this in vitro study, 95 extracted teeth were instrumented. MTCC 183 strain of 
C.albicans was introduced into the root canals and after 7 days, the average value of 
colony forming units (CFUs)/ml was determined in all the roots. Then the teeth were 
randomly divided into three groups: Group I (n = 15) was the control group and only 
saline was added to it. In group II (n = 40), 3% NaOCl was used as the irrigant and in 
group III (n = 40), 3% NaOCl and 17% EDTA were used as irrigants. Groups II and 
III were further divided into two subgroups (A and B) having 20 teeth each. After 
irrigation, Ca(OH)2 was placed in subgroup A and 2% CHX solution in subgroup B  
as intracanal medicament. After 48 hrs, the CFUs/ml was determined in 45 teeth (5 
from the control group and 10 from each subgroup). After 10 days, the CFUs/ml was 
determined in the remaining 50 teeth (10 from the control group and 10 from each 
subgroup). For statistical analysis, SPSS software was used. A decrease in CFUs/ml 
of C.albicans was noted in all subgroups at 48 hrs, but the combination of NaOCl, 
EDTA, and CHX (group IIIB) was the most effective showing value of 0.095×10
5
 
CFUs/ml. On the 10
th
 day, the CFUs/ml of C.albicans was further decreased in all 
subgroups; but again, subgroup IIIB was the most effective showing a value of 
0.025×10
5
 CFUs/ml. There was statistically significant difference in CFUs/ml of 
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C.albicans at 48 hrs and on 10
th
 day in all study groups. The antimicrobial activity of 
irrigant and intracanal medicament has a positive role in controlling the growth of 
C.albicans. 
Sabrah et al
56
 in 2015 investigated the residual antibacterial effect of human 
radicular dentin treated with various concentrations of TAP and double antibiotic 
paste (DAP). Sterilized dentin specimens were randomly assigned to 6 treatment 
groups and a no-treatment control group (n = 45 per group). For treatment groups, 
specimens were treated with either TAP or DAP at various concentrations (1000, 1, or 
0.5 mg/mL) for 2 weeks. Then, each specimen was irrigated with 5 mL saline and 
incubated in phosphate-buffered solutions for 3, 7, 14, or 30 days. After that, 
E.faecalis was cultured on the specimens for 3 days. Each specimen was then 
transferred to a tube containing 200 μL saline, sonicated, and vortexed to detach the 
bacterial biofilm. The detached biofilm was spiral plated, and the number of colony-
forming units was determined using an automated counting machine. Dentin 
specimens treated with 1000 mg/mL TAP or DAP had a significant residual 
antibacterial effect up to 14 days and 30 days, respectively. No significant difference 
was observed between 1000 and 1 mg/mL TAP and DAP at all time points. Dentin 
treated with all concentrations of DAP has a significantly longer residual antibacterial 
effect compared with dentin treated with TAP at the same concentrations. Radicular 
dentin treated with TAP and DAP showed a significant residual antibacterial effect 
compared with untreated dentin. All concentrations of DAP showed a significantly 
longer residual antibacterial effect compared with the same concentrations of TAP. 
Azam Aliasghari et al
57
 in 2016 investigated the antimicrobial effect of 
chitosan and nano-chitosan on the most important cariogenic streptococci. For 
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evaluation of antimicrobial effect of chitosan and nano-chitosan against oral 
streptococci broth micro-dilution method was carried out for four bacterial species; 
Streptococcus mutans, Streptococcus sobrinus, Streptococcus sanguis and 
Streptococcus salivarius. Also the effect of these materials on adhesion of above 
bacteria was evaluated. One-way ANOVA and post hoc Tukey test were used for 
statistical analysis. The Minimum Inhibitory Concentration of chitosan for S.mutans, 
S.sanguis, S.salivarius and S.sobrinus were 1.25, 1.25, 0.625 and 0.625 mg/mL, 
respectively. The MIC of chitosan nanoparticle for S. mutans, S. salivarius and S. 
sobrinus was 0.625 mg/mL and for S.sanguis was 0.312 mg/mL. Chitosan and 
chitosan nanoparticles at a concentration of 5 mg/mL also reduced biofilm formation 
of S. mutans up to 92.5% and 93.4%, respectively. They finally concluded that 
chitosan and chitosan nanoparticles can be used as antimicrobial agents against 
cariogenic Streptococci. 
Sharmila et al
58
 in 2016 evaluated the efficacy of five intracanal medicaments 
against mature biofilms of E.fecalis in vitro: Light activated curcumin, TAP, double 
antibiotic paste (DAP), CHX, Ca(OH)2. Untreated teeth with biofilms served as 
controls. Confocal microscopy was used to analyse the biofilm mass and percentage 
of live/dead bacteria within the root canal as well as dentinal tubules. Dentinal 
shavings obtained from the root canal walls (at 200 and 400 microns depth) were used 
to quantify the colony forming units/mL. The results showed that light activated 
curcumin and TAP brought about complete disruption of the biofilm structure (p < 
0.05) while CHX and Ca(OH)2 were not significantly different from the control (p > 
0.05). Light activated curcumin brought about the highest percentage of dead cells at 
both depths, but this was not significantly different from TAP (p > 0.05). Curcumin, 
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TAP and DAP brought about a significant reduction of CFU/mL at both depths 
compared to the control and other groups (p < 0.05). Light activated curcumin 
brought about a 7 log reduction of bacteria at both depths. 
Shrestha and Kishen
59
 in 2016 reviewed on the scientific knowledge that is 
available on the application of antibacterial nanoparticles in endodontics. The 
application of nanoparticles in the form of solutions for irrigation, medication, and as 
an additive within sealers/restorative materials has been evaluated to primarily 
improve the antibiofilm efficacy in root canal and restorative treatments. In addition, 
antibiotic or photosensitizer functionalized nanoparticles have been proposed recently 
to provide more potent antibacterial efficacy. Finally they concluded that the 
increasing interest in this field warrants sound research based on scientific and clinical 
collaborations to emphasize the near future potential of nanoparticles in clinical 
endodontics. 
 Zancan et al
60
 in 2016 evaluated the pH, calcium release, solubility, and 
antimicrobial action against biofilms of Ca(OH)2 + saline solution, Calen (SS White 
Artigos Dentários Ltd, Rio de Janeiro, Brazil) (Ca(OH)2/P), Calen camphorated 
paramonochlorophenol (CMCP) (Ca(OH)2/CMPC), and Ca(OH)2 + CHX pastes. The 
pH of the pastes was determined with a calibrated pH meter placed in direct contact 
with each paste. The root canals of acrylic teeth (n = 10) were ﬁlled with the 
previously mentioned intracanal dressings and immersed in ultrapure water to 
measure hydroxyl (pH meter) and calcium ion release (atomic absorption 
spectrophotometer) at time intervals of 3, 7, 15, and 30 days. To assess solubility, the 
root canals of acrylic teeth (N = 10) were filled with the previously mentioned pastes 
and scanned by micro-computed tomographic imaging before (initial) and after 7, 15, 
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and 30 days of immersion in ultrapure water. The solubility of each specimen was the 
difference between the initial and final volume scanning. For antimicrobial analysis, 
monospecies and dual-species biofilms were in vitro induced on dentin blocks 
(n = 20). Afterward, they were treated with the pastes for 7 days. Live/dead dye and a 
confocal microscope were used to measure the percentage of living cells. Data were 
statistically compared (p < .05). The highest OH
-
 ion release values were found on 3
rd
 
and 30
th
 days. Ca(OH)2/P and Ca(OH)2/CMCP showed a higher percentage of Ca
2+ 
 
ion release. Ca(OH)2/CHX presented the greatest antimicrobial action. Ca(OH)2/P and 
Ca(OH)2/CMPC showed higher solubility values in the period analyzed. Seven days 
of contact may be insufficient for Ca(OH)2 + saline solution, Ca(OH)2/P, and 
Ca(OH)2/CMCP pastes to destroy bacterial cells in the biofilms studied. CHX added 
to Ca(OH)2 favored greater effectiveness against the previously mentioned bacterial 
biofilms. 
 Udaya Kumar et al
61
 in 2016 evaluated the antibacterial efficacies of 2% 
CHX, N-acetyl cysteine (NAC) and assessed their synergistic or antagonist action as 
intracanal medicament. Agar diffusion test was performed with 2% CHX, NAC, and 
their combination against E.faecalis planktonic cells. The diameters of the zones of 
bacterial inhibition were measured and recorded for each solution. The assay was 
further extended to 2 weeks old E.faecalis dentinal biofilm. Sixteen freshly extracted 
teeth were vertically sectioned into two halves resulting in a total of 32 samples. The 
samples were inoculated with bacterial suspension and incubated at 37°C for 2 weeks 
for biofilm formation. The samples were then divided into four experimental groups 
with 8 samples in each group. The samples were gently washed in saline and placed in 
culture wells containing the test solutions, i.e., 2% CHX, NAC, a combination of 2% 
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CHX and NAC in 1:1 ratio, and a control group containing saline. The biofilm formed 
on the root canal surface was removed with a sterile scalpel and inoculated on blood 
agar plates to check for the formation of E.faecalis colonies. For agar diffusion test, 
data were analyzed statistically using one-way analysis of variance and then by post-
hoc Scheffe's test to compare the antimicrobial efficacy between the groups. 
Statistical analysis was not done for the cultures obtained from the biofilm as there 
was no growth in all the three test groups except the control group, i.e., saline. In agar 
diffusion test, among the three groups tested, 2% CHX and NAC showed almost 
equal zones of inhibition whereas maximum inhibition was shown by a combination 
of NAC and 2% CHX suggesting a synergistic action. The results obtained were 
highly significant (p < 0.001) for the combination of medicament when compared to 
individual test group. In culture analysis, which was done for the biofilm, no growth 
was observed in all the three test groups. The results obtained were biologically 
significant but statistically insignificant. NAC has almost equal antimicrobial property 
as 2% CHX whereas their combination showed a synergistic action. 
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MATERIALS USED: 
1. Single rooted human mandibular premolars (n=180) 
2. Calcium hydroxide (Avue Cal,Thane, India) 
3. 2% Chlorhexidine gel (Anabond, India) 
4. Tab. Minocycline 10mg (Rambaxy laboratories Ltd, New Delhi, India) 
5. Tab. Metronidazole 400mg (J.b Chemicals and Pharmaceuticals, Vapi, India) 
6. Tab. Ciprofloxacin 500mg (Cipla, Sikkim, India) 
7. Chitosan nanoparticles (Everest Biotech, India) 
8. 3% Sodium hypochlorite (Nice chemicals Pvt Ltd, Delhi, India) 
9. 0.9% Normal saline (Nice chemicals Pvt Ltd, Delhi, India) 
10. 3% Hydrogen peroxide (Nice chemicals Pvt Ltd, Delhi, India) 
11. 17% Ethelene diamine teracetic acid (Nice chemicals Pvt Ltd, Delhi, India) 
12. Distilled water (Nice chemicals Pvt Ltd, Delhi, India) 
13. Nutrient agar (Himedia, Mumbai, India) 
14. SD agar (Himedia, Mumbai, India) 
15. SD broth (Himedia, Mumbai, India) 
16. Nutrient broth (Himedia, Mumbai, India) 
17. Potato Dextrose Broth (Himedia, Mumbai, India) 
18. Mitis salivarius Broth (Himedia, Mumbai, India) 
19. Barium sulphate (Nice chemicals Pvt Ltd, Delhi, India) 
20. Thioglycollate broth (Himedia, Mumbai, India) 
21. MTCC 439  strains of E.faecalis 
22. MTCC 497 strains of S.mutans 
23. MTCC183 strains of C.albicans 
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INSTRUMENT AND EQUIPMENT USED: 
1. Gracey curette ( Hu-Friedy Mfg. Co., LLC Chicago) 
2. Ultrasonic scaler (woodpecker, China) 
3. Endo access bur (Dentsply Maillefer, Ballaigues Switzerland) 
4. High speed hand piece (NSK Corporation, Japan)    
5. Diamond disc (Diamond Disc Pvt. Ltd, New Delhi, India) 
6. Micromotor hand piece (NSK Corporation, Japan)    
7. #15-25 K files (Mani inc, India) 
8. #30 H file (Mani inc, India) 
9. Protaper universal rotary files (Dentsply Maillefer, Ballaigues Switzerland) 
10. Digital Autoclave (Inlab equipment, Chennai, India) 
11. Laminar air flow (Air Sys Technology,Chennai, India) 
12. Paper points (Dentsply Maillefer, Ballaigues Switzerland) 
13. Autoclave pouches (Distech, China) 
14. Eppendrof tubes (lab Tech, India) 
15. Incubator (Jemco, Chennai, India) 
16. Spectrophotometer (Systronics, Ahmedabad, India)  
17. Culture plates (Borosil, Gujarat, India) 
18. Test tubes (Borosil, Gujarat, India) 
19. Radiovisiography (Satelec, Acteon, France) 
20. Endo motor (X-Smart, Dentsply Maillefer, Japan)  
21. Size 2 Lentulospiral (Mani inc, India) 
22. Cuvettes (Systronics, Ahmedabad, India) 
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METHODOLOGY: 
Collection of Study Samples 
 One hundred and eighty freshly extracted human mandibular single rooted 
premolar teeth were collected from the Department of Oral and Maxillofacial Surgery, 
Rajas dental college, Tirunelveli from patients who had undergone therapeutic 
extraction. All the selected teeth were caries free with straight single root and matured 
apices.  
All the collected teeth were then washed thoroughly in running water. Any 
debris, calculus and soft tissue remnants on the root surfaces were removed using a 
Gracey curette (Hu-Friedy Mfg. Co., LLC Chicago) and ultrasonic scaler 
(woodpecker, China). The organic and inorganic debris were removed by treating the 
teeth with 17% Ethylene Diamine Tetraacetic Acid (EDTA) (Nice chemicals Pvt Ltd, 
Delhi, India) for five minutes, followed by 3% Sodium Hypochlorite (NaOCl) (Nice 
chemicals Pvt Ltd, Delhi, India) for five minutes and then placed in Hydrogen 
Peroxide (H2O2) (Nice chemicals Pvt Ltd, Delhi, India) for 1 hour. The cleaned teeth 
were then stored in Normal Saline (N.S) (Nice chemicals Pvt Ltd, Delhi, India) 0.9%, 
until use. 
Decoronation and canal preparation 
 Conventional access to the root canals were obtained using access preparation 
bur (Dentsply Maillefer, Ballaigues Switzerland) with a high speed handpiece (NSK 
Corporation, Japan). A 15 K- file (Mani inc, India) was introduced till the tip emerges 
at the apex and the length of the root canal space was estimated. The working length 
was fixed at 0.5 mm short of this estimated value. Root canals were then hand 
instrumented to the full working length up to size 25. The root canals were irrigated 
with 1 ml of 5.25% NaOCl, between each file change. Then, instrumentation was 
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done with Protaper universal rotary files (Dentsply Maillefer, Ballaigues 
Switzerland). Instrumentation was done up to apical diameter F3. A no 15 k file was 
used for recapitulation and conformation of patency between each instrument. Canals 
were then irrigated with 5ml distilled water. The crowns of the teeth were sectioned 
using diamond disk (Diamond Disc Pvt. Ltd, New Delhi, India) with water coolant 
and tooth lengths were standardized to 16mm. 
Sterilisation of the test samples 
 Subsequently, all the teeth were sterilized by autoclaving at the recommended 
121 
0 
C, 15 lbs for 15 minutes using a digital autoclave in a self sealable autoclave 
pouch (Inlab equipment, Chennai, India). The autoclaving was monitored with a 
chromatic indicator strip on the autoclaving pouch. All further procedures were 
carried out under a sterile laminar air flow chamber. A microbial sampling was taken 
from three randomly selected teeth using a sterile paper point placed in the canal 
space for 60 seconds and later incubated in a thioglycollate broth (Himedia, Mumbai, 
India). A clear broth showed the complete absence of microbial contaminants and an 
effective sterilization. 
All the autoclavable pouches (Distech, China) were cut open and each 
individual tooth was placed in an eppendrof tube (1.5ml) for contamination with 
E.faecalis, S.mutans and C.albicans separately. 
Sample grouping  
 180 teeth were grouped into three main groups of 60 teeth each, having three 
different types of organisms. Each main group were further subdivided into subgroups 
of 12 teeth each containing their respective intracanal medicaments namely Ca(OH)2 
(Avue Cal,Thane, India), CHX (Anabond, India), TAP, CSnps (Everest Biotech, 
India) and culture control. 
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Total sample
n=180
GROUP 1
E.faecalis
n=60
GROUP 2
S.mutans
n=60
GROUP 3
C.albicans
n=60
GROUP 1
E.faecalis
n=60
SUB GROUP 
1A
Ca(OH)2
n=12
SUB GROUP 
1B
CHX
n=12
SUB GROUP 
1C
TAP
n=12
SUB GROUP
1D
CSnps
n=12
SUB GROUP 1E 
CULTURE 
CONTROL
n=12
GROUP 2
S.mutans
n=60
SUB GROUP 
2A
Ca(OH)2
n=12
SUB GROUP 
2B
CHX
n=12
SUB GROUP 
2C
TAP
n=12
SUB GROUP 
2D
CSnps
n=12
SUB GROUP 2E
CULTURE 
CONTROL
n=12
GROUP 3
C.albicans
n=60
SUB GROUP 
3A
Ca(OH)2
n=12
SUB GROUP 
3B
CHX
n=12
SUB GROUP 
3C
TAP
n=12
SUB GROUP 
3D
CSnps
n=12
SUB GROUP 3E
CULTURE 
CONTROL
n=12
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Contamination of teeth 
 The test organisms that were used in this study are E faecalis, S.mutans and 
C.albicans. Twenty-four hour colonies of pure culture of E.faecalis (MTCC 439), 
S.mutans (MTCC 497) and C.albicans (MTCC 183) were obtained. E.faecalis and 
S.mutans were grown in Nutrient agar (Himedia, Mumbai, India) and C.albicans in 
SD agar (Sabouraud Dextrose Agar) (Himedia, Mumbai, India). Then they were 
suspended in 5 ml of Nutrient broth for E.faecalis and S.mutans and SD broth 
(Sabouraud Dextrose Broth) (Himedia, Mumbai, India) for C.albicans and incubated 
for 24 hrs at 37°C. Density of E.faecalis, S.mutans, C.albicans inoculum was adjusted 
to the turbidity of 0.5 McFarland standard against a ruled paper, which can be 
comparable with a bacterial suspension of 1.5 × 10
8
 CFU (colony-forming unit)/ml. 
Bacterial sampling 
The organism with the broth was then coated along the prepared canal walls. 
Ten microliters of the inoculum was then injected into the prepared canal with the 
help of a micropipette. The excess broth was decanted and drained off. The tubes 
were closed and incubated at 37° C for 1 day. Bacterial viability and purity were 
checked in 3 randomly-picked tubes. The samples were incubated for 21 days at 
37°C. During the incubation period, in order to prevent dehydration of the samples, 
Nutrient broth and SD broth were replenished for every 3 days.   
Intracanal medicament placement 
The root canals of the sample teeth were then filled with the test medicament.  
Placement of Calcium hydroxide: 
 Ca(OH)2 was placed as intracanal medicament in subgroup 1A, 2A and 3A. It 
was directly coated into the canal space using size 2 lentulospiral (Mani inc, India) 
and its complete placement was verified using radiographs. 
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Placement of 2% Chlorhexidine : 
 2%CHX gel mixed with barium sulphate was placed as intracanal 
medicament in subgroup IB, 2B and 3B. It was coated in the canal space using size 2 
lentulospiral and its complete placement was verified using radiographs. 
Placement of Triple Antibiotic Paste: 
1:1:1 ratio of Metronidazole, ciprofloxacin and minocycline were taken in a 
motar and pestle and they were powdered into a fine mix. TAP that was obtained 
along with barium suphate was placed as intracanal medicament in subgroups 1C, 2C 
and 3C. It was coated in the canal space using size 2 lentulospiral and its complete 
presence was verified using radiographs. 
Placement of Chitosan Nanoparticles: 
  The CSnps mixed with glacial acetic acid and barium sulphate was placed as 
intracanal medicament in sub group 1D, 2D and 3D. This mixture was carried into the 
infected root canal using size 2 lentulospiral and its completeness was verified using 
radiographs. 
Culture Control (n=12) 
       No medicaments were placed in the sub groups 1E, 2E and 3E. 
Antimicrobial assessment 
The samples were packed with the medicament and placed in eppendrof tube 
(1.5ml) and incubated for 7 days. After 7 days, the seal was removed and the 
medicament packed in the canal space was cleaned manually with size 30 H file 
(Mani inc, India) and saline. A microbial sampling was done with dentinal chips that 
were obtained from the 30 size sterile H files. The dentinal chips was then incubated 
in a 15 ml test tube containing 3 ml of sterile Mitis Salivarius broth for E.faecalis and 
S.mutans and 3 ml of sterile Potato Dextrose broth for C.albicans for 48 hrs. After the 
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incubation period a visual assessment for the appearance of turbidity in the test tube 
was done. A measure of the bacterial growth and culture was done by measuring the 
Optical Density (OD) of the broth culture on a spectrophotometer at 650 nm. The 
culture density percentage was obtained using the formula below to compare the 
antimicrobial effectiveness of the four intracanal medicaments against endodontic 
pathogens and the results obtained were subjected to statistical analysis. 
 
 
                                             OD of sample – OD of broth control 
Culture Density  =          -----------------------------------------------------        X 100. 
                           OD of culture control – OD of broth control  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
COLOUR PLATES  
COLOUR PLATES  
 
 36 
 
 
 
 
 
COLOUR PLATES  
 
 37 
 
 
 
 
 
COLOUR PLATES  
 
 38 
 
 
 
 
 
COLOUR PLATES  
 
 39 
 
 
 
 
 
COLOUR PLATES  
 
 40 
 
 
 
 
 
COLOUR PLATES  
 
 41 
 
 
 
 
 
COLOUR PLATES  
 
 42 
 
 
 
 
 
COLOUR PLATES  
 
 43 
 
 
 
 
 
COLOUR PLATES  
 
 44 
 
 
 
 
 
COLOUR PLATES  
 
 45 
 
 
 
 
 
COLOUR PLATES  
 
 46 
 
 
 
 
 
COLOUR PLATES  
 
 47 
 
 
 
 
 
COLOUR PLATES  
 
 48 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RESULTS  
RESULTS  
 
49 
 
STATISTICAL ANALYSIS 
The data entry was done with Microsoft office excel spread sheet. Data were 
analyzed using Statistical Package for Social Sciences (SPSS) Software version 17. 
Both descriptive and analytical statistics were performed. Descriptive statistics 
include mean and standard deviation (SD) for all the parameters. The mean value for 
the depth of penetration was calculated separately for the four groups. Analytical 
statistics includes Analysis of variance (ANOVA) and to find out the significance 
among the four different groups, a multiple comparison Student t test was done. For 
the entire analysis p value less than 0.05 was only considered significant. This 
implicates the probability of committing a type 1 error less than 5%. 
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RESULTS  
Table 1 depicts the optical density for broth control and culture control. The 
observed values of Optical Density are shown in Table 2, 3 and 4 and the calculated 
values of Culture Density are shown in Table 5, 6 and 7. 
Table 8 shows the descriptive analysis of the four groups of intra canal 
medicaments against E.faecalis which was done using one way ANOVA. The mean 
value of culture density for Ca(OH)2 group was 74.9, CHX group was 20.7, TAP 
group was 57.8 and CSnps group was 9.4. The F value was 114.42 and p value less 
than 0.05 was only considered significant. This shows that the differences in mean of 
the culture density among the four groups were statistically significant. 
Table 9 shows the descriptive analysis of the four groups of intra canal 
medicaments against S.mutans which was done using one way ANOVA. The mean 
value of culture density for Ca(OH)2 group was 76.3, CHX group was 37.3, TAP 
group was 65.9 and CSnps group was 9.8. The F value was 46.40 and p value less 
than 0.05 was only considered significant. This shows that the differences in mean of 
the culture density among the four groups were statistically significant 
Table 10 shows the descriptive analysis of the four groups of intra canal 
medicaments against C.albicans which was done using one way ANOVA. The mean 
value of culture density for Ca(OH)2 group was 83.23, CHX group was 77.12, TAP 
group was 80.18 and CSnps group was 52.44. The F value was 6.44 and p value less 
than 0.05 was only considered significant. This shows that the differences in mean of 
the culture density among the four groups were statistically significant. 
Table 11 shows the intergroup comparison of the four medicaments with the 
control group against E.faecalis. The comparison was done using student “t” test. All 
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the medicaments were statistically significant to the control group (p=0.000). CSnps 
showed the least mean culture density (9.4043) and showed a statistical difference 
between CHX (p=0.034), TAP and Ca(OH)2 (p=0.000). 
      Table 12 shows the intergroup comparison of the four medicaments with the 
control group against S.mutans. The comparison was done using student “t” test. All 
the medicaments were statistically significant to the control group (p=0.000). CSnps 
showed the least mean culture density (9.8635) and showed a statistical difference 
between CHX, TAP and Ca(OH)2 (p=0.000). 
Table 13 shows the intergroup comparison of the four medicaments with the 
control group against S.mutans. The comparison was done using student “t” test. All 
the medicaments were statistically significant to the control group. CSnps showed the 
least mean culture density (52.4408) and showed a statistical difference between 
CHX(p=0.034), TAP(p=0.002) and Ca(OH)2 (p=0.001). 
 
 
Table 1: Optical density of broth and culture control 
Optical Density E.faecalis S.mutans C.albicans 
OD of Broth control 0.001 0.001 0.002 
OD of Culture control 0.393 0.337 0.472 
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Table 2: Optical density of intracanal medicaments against E.faecalis 
Optical density 
of  Ca(OH)2 
Optical density 
of CHX 
Optical density 
of TAP 
Optical  
density of 
Csnps 
Optical  
density of 
control 
1.571 0.057 1.123 0.627 109.93 
1.833 0.045 1.114 0.984 107.15 
1.734 0.069 1.514 0.312 101.32 
1.653 0.101 1.045 0.780 96.170 
1.592 0.115 1.526 0.183 100.22 
1.543 0.095 1.123 0.250 94.710 
1.824 0.11 1.021 0.198 121.68 
1.743 0.075 1.612 0.189 92.255 
1.648 0.069 1.234 0.121 96.210 
        1.553 0.111 1.54 0.175 91.936 
       1.456        0.044 1.511 0.440 96.264 
1.701 0.096 1.022 0.450 92.390 
Table 3: Optical density of intracanal medicaments against S.mutans 
Optical density 
of  Ca(OH)2 
Optical density 
of CHX 
Optical density 
of TAP 
Optical  
density of 
Csnps 
Optical  
density of 
control 
2.122 0.145 0.210 0.078 128.660 
2.265 0.126 0.225 0.014 113.290 
0.461 0.135 0.235 0.023 105.970 
1.139 0.112 0.216 0.048 101.680 
1.775 0.144 0.211 0.023 100.190 
2.012 0.120 0.239 0.054 100.144 
2.234 0.129 0.221 0.012 128. 660 
1.123 0.116 0.225 0.012 93.200 
0.890 0.140 0.215 0.045 96.860 
1.140 0.119 0.228 0.032 97.200 
1.768 0.128 0.232 0.035 107.120 
2.224 0.138 0.213 0.098 117.630 
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Table 5: Culture density of intracanal medicaments against E.faecalis 
Culture density 
of  Ca(OH)2 
Culture density 
of CHX 
Culture density 
of TAP 
Culture density 
of Csnps 
Culture density 
of control 
71.110 14.280 50.700 1.910 109.930 
83.050 11.220 50.290 3.507 107.150 
78.540 17.340 68.510 6.880 101.320 
75.850 25.510 47.150 1.683 96.170 
72.070 29.080 69.060 4.009 100.220 
69.840 23.970 50.700 3.590 94.710 
82.640 27.80 46.050 4.050 121.680 
78.950 18.870 72.980 7.510 96.210 
74.620 17.340 54.850 1.410 92.255 
70.290 28.060 69.700 1.590 96.210 
65.870 10.960 68.380 3.437 91.936 
77.030 24.230 46.100 1.770 96.264 
Table 4: Optical density of intracanal medicaments against C.albicans 
Optical density 
of  Ca(OH)2 
Optical density 
of CHX 
Optical density 
of TAP 
Optical density 
of Csnps 
Optical density 
of control 
0.822 0.741 0.641 0.441 101.160 
0.798 0.935 0.862 0.622 106.570 
0.711 0.812 0.691 0.134 103.920 
0.61 0.68 0.848 0.480 104.130 
0.884 0.811 0.735 0.873 102.750 
0.823 0.744 0.650 0.435 97.130 
0.821 0.123 0.856 0.245 102.750 
0.765 0.942 0.960 0.723 100.210 
0.723 0.802 0.804 0.941 99.250 
0.654 0.621 0.731 0.241 102.430 
0.889 0.856 0.639 0.543 94.300 
1.003 0.745 0.741 0.342 95.970 
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Table 7: Culture density of intracanal medicaments against C.albicans 
Culture density 
of Ca(OH)2 
Culture density 
of CHX 
Culture density 
of TAP 
Culture density 
of Csnps 
Culture density 
of control 
86.420 77.830 67.230 46.020 101.160 
83.880 98.40 90.660 45.210 106.570 
74.650 85.360 72.530 53.670 103.920 
63.940 71.360 89.180 50.150 104.130 
93.001 85.230 77.200 61.830 102.750 
86.530 78.150 68.180 45.380 97.130 
86.320 12.300 90.0300 55.230 102.750 
80.380 99.150 101.060 45.600 100.210 
75.920 84.300 84.510 69.040 99.250 
68.610 65.110 76.770 54.810 102.430 
93.530 90.030 67.020 56.830 94.300 
105.620 78.260 77.830 45.520 95.970 
 
 
 
 
Table 6: Culture density of intracanal medicaments against S.mutans 
Culture density 
of  Ca(OH)2 
Culture density 
of CHX 
Culture density 
of TAP 
Culture density 
of Csnps 
Culture density 
of control 
101.730 42.85 62.2 10.230 128.660 
108.620 28.27 66.66 10.840 113.290 
21.720 39.88 69.64 7.160 105.970 
54.380 33.03 63.98 15.700 101.680 
85.010 42.55 62.5 8.900 100.190 
96.430 35.41 70.83 9.450 100.140 
107.120 38.09 65.47 9.180 128.660 
53.610 34.22 66.66 7.180 93.200 
42.380 41.36 63.69 13.900 96.860 
54.430 35.11 67.75 8.960 97.200 
84.680 37.79 68.75 7.342 107.120 
106.640 39.28 63.09 9.520 117.630 
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Table 8: Testing the significance effect of medicaments against E.faecalis  
Intracanal 
medicaments 
Size Minimum Maximum Mean SD ANOVA 
F P 
Ca(OH)2 12 65.87 83.05 74.9883 5.3273  
 
114.4 
 
 
0.000 
CHX 12 10.96 29.08 20.7217 6.5572 
TAP 12 46.05 72.98 57.8725 10.7860 
Csnps 12 0.683 44.37 9.4043 14.5143 
 
 
Table 9: Testing the significance effect of medicaments against S.mutans  
Intra canal 
medicaments 
Size Minimum Maximum Mean SD ANOVA 
F P 
Ca(OH)2 12 21.72 108.62 76.395 29.719  
 
46.40 
 
 
0.000 CHX 12 28.27 42.85 37.320 4.3055 
TAP 12 62.20 70.83 65.935 2.9058 
Csnps 12 5.18 21.70 9.8635 4.3553 
 
 
Table 10: Testing the significance effect of medicaments against C.albicans   
Intra canal 
medicaments 
Size Minimum Maximum Mean SD ANOVA 
F P 
Ca(OH)2 12 63.94 105.62 83.2334 11.5007  
6.444 
 
 
 
0.001 
CHX 12 12.30 99.15 77.1233 22.7076 
TAP 12 67.02 101.06 80.1833 10.9213 
Csnps 12 13.67 99.04 52.4408 26.6822 
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Table 11: Inter group comparison of medicaments and control group - E.faecalis 
Groups Intracanal medicaments Mean SD T p 
Control Ca(OH)2 74.9883 5.3273 8.6157 0.000 
CHX 20.7217 6.5572 25.3358 0.000 
TAP 57.8725 10.7860 10.6208 0.000 
Csnps 9.4043 14.5143 18.6211 0.000 
Ca(OH)2 Control 100.3379 5.3273 8.6157 0.000 
CHX 20.7217 6.5572 22.2507 0.000 
TAP 57.8725 10.7860 4.9286 0.000 
Csnps 9.4043 14.5143 14.6943 0.000 
CHX Control 100.3379 5.3273 25.3358 0.000 
Ca(OH)2 74.9883 5.3273 22.2507 0.000 
TAP 57.8725 10.7860 10.1954 0.000 
Csnps 9.4043 14.5143 2.4616 0.034 
TAP Control 100.3379 5.3273 10.6208 0.000 
Ca(OH)2 74.9883 5.3273 4.9286 0.000 
CHX 20.7217 6.5572 10.1954 0.000 
Csnps 9.4043 14.5143 9.2848 0.000 
CSnps Control 100.3379 5.3273 18.6211 0.000 
Ca(OH)2 74.9883 5.3273 14.6943 0.000 
CHX 20.7217 6.5572 2.4616 0.034 
TAP 57.8725 10.7860 9.2848 0.000 
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Table 12: Inter group comparison of medicaments and control group-S.mutans 
Groups Intra canal medicaments Mean SD T p 
Control Ca(OH)2 76.3958 29.7199 3.3649 0.002 
CHX 37.3200 4.3055 19.0011 0.000 
TAP 65.9350 2.9058 11.6227 0.000 
Csnps 9.8635 4.3553 26.3950 0.000 
Ca(OH)2 Control 107.55 12.0580 3.3649 0.002 
CHX 37.3200 4.3055 4.5076 0.000 
TAP 65.9350 2.9058 1.2135 0.083 
Csnps 9.8635 4.3553 7.6729 0.000 
CHX Control 107.55 12.0580 19.0011 0.000 
Ca(OH)2 76.3958 29.7199 4.5076 0.000 
TAP 65.9350 2.9058 19.0834 0.000 
Csnps 9.8635 4.3553 15.5306 0.000 
TAP Control 107.55 12.0580 11.6227 0.000 
Ca(OH)2 76.3958 29.7199 1.2135 0.083 
CHX 37.3200 4.3055 19.0834 0.000 
Csnps 9.8635 4.3553 37.0938 0.000 
CSnps Control 107.55 12.0580 26.3950 0.000 
Ca(OH)2 76.3958 29.7199 7.6729 0.000 
CHX 37.3200 4.3055 15.5307 0.000 
TAP 65.9350 2.9058 37.0988 0.000 
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     Table 13: Inter group comparison of medicaments and control group-C.albicans  
Groups Intra canal medicaments Mean SD T p 
Control Ca(OH)2 83.2334 11.5007 5.0669 0.000 
CHX 77.1233 22.7076 3.5784 0.001 
TAP 80.1833 10.9213 6.2272 0.000 
Csnps 52.4408 26.6822 6.2309 0.000 
Ca(OH)2 Control 100.8808 3.6460 5.0669 0.000 
CHX 77.1233 22.7076 0.8315 0.145 
TAP 80.1833 10.9213 0.6662 0.273 
Csnps 52.4408 26.6822 3.6712 0.001 
CHX Control 100.8808 3.6460 3.5784 0.001 
Ca(OH)2 83.2334 11.5007 0.8315 0.145 
TAP 80.1833 10.9213 0.4207 0.381 
Csnps 52.4408 26.6822 2.4404 0.034 
TAP Control 100.8808 3.6460 6.2272 0.000 
Ca(OH)2 83.2334 11.5007 0.6662 0.273 
CHX 77.1233 22.7076 0.4207 0.381 
Csnps 52.4408 26.6822 3.3333 0.002 
CSnps Control 100.8808 3.6460 6.2309 0.000 
Ca(OH)2 83.2334 11.5007 3.6712 0.001 
CHX 77.1233 22.7076 2.4404 0.034 
TAP 80.1833 10.9213 3.3333 0.002 
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Complete elimination of microorganisms from infected root canal systems is a 
complicated task, which cannot be accomplished by instrumentation techniques alone. 
Clinical evidence shows that mechanical instrumentation, despite cleaning, leaves 
significant amount of bacteria as portions of root canal wall were kept untouched
62
. 
Apart from being a nidus for bacterial re-infection, this also can serve as nutritional 
source for the remaining microorganisms. Hence, the root canal should be filled with 
intracanal medicament in order to eliminate any persisting bacteria after root canal 
instrumentation
13
. 
  Intracanal medicaments also reduce inflammation of periapical tissues and 
remove pulp remnants, render canal contents inert, neutralize tissue debris, act as a 
barrier against leakage from the temporary filling and help to dry persistently wet 
canals. The most commonly used intra canal medicament is Ca(OH)2 but many studies 
reveal it to be ineffective against endodontic pathogens as its penetration into the 
dentinal tubules is limited and also its physico-chemical properties may limit its 
effectiveness in disinfection after a short term use
63
. Hence, further investigation is 
required to elucidate its antimicrobial effectiveness and to associate it with other 
medicaments used today. Recent studies show the antimicrobial effectiveness of 
medicaments such as CHX, TAP and CSnps. Hence, in this study it was decided to 
compare and evaluate the anti microbial efficacy of these intracanal medicaments 
with Ca(OH)2 . 
Single rooted mandibular premolar with straight canals were preferred in this 
study as curved root canals are associated with a more complicated curvature 
determination and distribution process and with an increased risk of intracanal 
procedural accidents such as, zipping, ledging and root perforation. In this study, 
cleaning and shaping was performed by the crown down technique using the protaper 
DISCUSSION  
 
60 
 
rotary system. According to Shuping.G, cleaning and shaping with rotary nickel 
titanium instruments resulted in reduced bacterial count
64
.  
In the present study samples were decoronated with diamond disc to leave a 
root length of length 16mm to minimize variation by eliminating some variables, like 
crown anatomy and root length
65
. After which the samples were sterilized in a digital 
autoclave. 
In an effort to sample microorganisms that were obligate and facultative 
anaerobes in root canals, several investigators examined the flora of intact teeth with 
necrotic pulps and found minor differences in the number of microorganisms isolated 
from such teeth. Gram-positive organisms were found in approximately 75% of the 
samples, with the most predominant species being Streptococci 28%, Staphylococci 
15%, Corynebacteria 10%, Yeast 12%, and other species
66
. Deo et al. had confirmed 
the polymicrobial nature of root canal infections
67
 and hence three microorganisms 
were selected in this study to simulate the polymicrobial nature of the root canal 
infections. 
In the present study, E. faecalis was chosen because of its implication as the 
possible microbial factor in therapy-resistant apical periodontitis
5
. E.faecalis is gram-
positive, facultative anaerobe, catalase-negative and able to grow in 6.5% sodium 
chloride, at temperatures ranging from 10 to 45°C. They can tolerate extreme 
environmental challenges by surviving 30 min at 60°C and pH of 9.6. It is the most 
common organism isolated from previously root filled teeth as it is particularly 
resistant to many conventional antimicrobial agents used routinely. 
Fungi have been found in the primary root canal infections, but they seem to 
occur more often in root canals of obturated teeth with failed treatment. With the 
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ability of C.albicans to invade dentinal tubules and develop resistance to commonly 
used intracanal medicaments, it may help to explain why C. albicans has been 
associated with cases of persistent root canal infections
68
. 
Streptococcus species were reported to be one of the most relevant species in 
symptomatic apical periodontitis. S.mutans has been detected in root canal infections 
and was also reported to be a strong biofilm producer, helping the bacteria to adapt 
and persist in root canals. S.mutans is gram positive cocci, non motile, non sporing, 
facultative anaerobe, growing best at a temperature of 37 °C. It can ferment sugars 
and is catalase negative.  Siqueira et al, revealed that, the main cause of the primary 
endodontic infections is the opportunistic pathogens that may invade a root canal and 
establish an infectious process like S.mutans
69
.  
Selective media allows the growth of certain type of organisms, 
while inhibiting the growth of other organisms. Hence the organisms were incubated 
in their specific selective media. Mitis salivarius broth base for E.faecalis and 
S.mutans and yeast extract peptone dextrose broth for C. albicans were the selective 
media used. Growth of the test organisms was found to be favourable with these 
selective media. Microorganisms were incubated at 37°C, as it is the optimum 
temperature for bacterial and fungal growth. According to Sharifian et al three weeks 
inoculation period is required for bacterial inoculation into the canals to reassure the 
entrance of bacteria into dentinal tubules
70
. 
Calcium hydroxide intracanal medication still remains the most commonly 
used endodontic medicament throughout the world. It has a potent antimicrobial 
action by depositing hydroxyl ions which produces a high pH and causing bactericidal 
action and it also acts as a physical barrier for the bacteria to invade. However, 
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calcium hydroxide has been shown to be incapable in eliminating E. faecalis
71
 and 
certain other organisms, which were present deep within the dentinal tubules. 
  Chlorhexidine gel was proved to have wide antimicrobial spectrum
8
 and 
added advantage of substantivity
9
. CHX, a cationic biguanide with the ability to 
absorb onto the dentin is a broad-spectrum antimicrobial agent. It acts by adsorbing 
onto the microbial cell wall and causing intracellular component leakage. It also 
causes precipitation of cytoplasmic content so that mitochondria do not produce 
energy, disturbing glycolytic enzyme, which eventually decreases acid production and 
later cell death. CHX in gel form was chosen in this study because of its low toxicity 
in the periapical tissues, solubility in water as well as viscosity that keeps the active 
agent in contact with the root canal walls and dentinal tubules
72
.  
Antibiotics are used in dentistry both systematically and topically. During 
systemic administration of antibiotics, negligible concentrations reach the root canal, 
whereas during the local administration of antibiotics, greater concentrations can be 
used as intracanal medicaments, to decrease systemic consequences and 
complications. Because of the complexity of root canal infection, single antibiotic 
could not result in effective sterilization of the root canal. Combination of antibiotics 
decreases the development of resistant bacterial strains and produces synergistic 
effect, whose antimicrobial action lasts longer and also sustains the release of 
medicaments. Hence the rationale of using Triple antibiotic paste which is a 
combination of ciprofloxacin, metronidazole and minocyclin in the infected root canal 
would help in complete eradication of microorganisms
73
. Alireza et al
48
 stated that 
minocyclin has been found to be effective in eradicating E.faecalis. Metronidazole is 
a nitroimidazole compound that exhibits a broad spectrum of activity against protozoa 
and anaerobic bacteria. Ciprofloxcin, a broad spectrum antibiotic is also found to be 
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effective against endodontic pathogens. Hence a combination of all the three 
antibiotics would provide complete sterilization of the root canal system.   
Chitosan is a natural polysaccharide comprising copolymers of glucosamine 
and N-acetyl glucosamine.  Chitosan is used for preparation of nanoparticles for 
various applications because of its biodegradable and non-toxic properties. It is 
insoluble in acidic conditions and free amino groups on its polymeric chain protonates 
and contributes to its positive changes. Mechanism of action of chitosan is that 
cationically charged amino group combine with anionic components such as N-acetyl 
muramic acid, sialic acid and neuramic acid on the cell surface. It suppresses growth 
of bacteria by impairing the exchanges with medium and causes cell death
36
. 
 Another proposed mechanism is the binding of chitosan with microbial DNA, 
which leads to the inhibition of the mRNA and protein synthesis via the penetration of 
chitosan into the nuclei of the microorganisms. In this, the chitosan molecules were 
assumed to be able to pass through the bacterial cell wall, composed of multilayers of 
cross-linked murein and reach the plasma membrane. Raafat et al
74
 stated that in spite 
of being accepted as a possible mechanism, the probability of it occurring is low. The 
prevailing contention is that chitosan acts essentially as an outer membrane disruptor 
rather than as a penetrating material
36
. 
The third mechanism is the chelation of metals, suppression of spore elements 
and binding to essential nutrients to microbial growth. It is well known that chitosan 
has excellent metal-binding capacities where the amine groups in the chitosan 
molecules are responsible for the uptake of metal cations by chelation. In general, 
such mechanism is more efficient at high pH, where positive ions are bounded to 
chitosan, since the amine groups are unprotonated and the electron pair on the amine 
nitrogen is available for donation to metal ions. It is unquestionable that chitosan 
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molecules in bacteria surrounds complex metals and blocks some essential nutrients 
to flow, contributing to cell death
36
. Nevertheless, this is, evidently, not a determinant 
antimicrobial action since the sites available for interaction are limited and the 
complexity reachs saturation in function of metal concentration.  
Similarly to bacteria, the chitosan activity against fungus is assumed to be 
fungi static rather than fungicidal with a potential to communicate regulatory changes 
in both the host and fungus. Generally chitosan has been reported as being very 
effective in inhibiting spore germination, germ tube elongation and radial growth. 
The antifungal mechanism of chitosan involves cell wall morphogenesis with 
chitosan molecules interfering directly with fungal growth, similarly to the effects 
observed in bacteria cells. Microscopic observation reported that chitosan oligomers 
diffuse inside hyphae interfering on the enzymes activity responsible for the fungus 
growth
36
.  
The sustained release effect and biodegradable property of chitosan is an 
added advantage as a medicament. The mucoadhesive property of chitosan helps in 
prolonged action of the medicament within the root canal system. Nanoparticles are 
clusters of particles in the range of 1-100 nm and have the ability to inhibit bacterial 
growth due to their larger surface area. Hence Chitosan nanoparticles were used as 
one of the medicaments in this study. 
 It is very essential that the entire canal is filled with medicament to 
obtain adequate antimicrobial action. To ensure the complete placement of the 
medicament into the canal, barium sulphate, which is a non toxic radio opacifier was 
added to the medicaments and the complete placement was verified using 
radiographs.   
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A control group is an essential part of most research designs, allowing 
researchers to eliminate and isolate variables. Normal biological variation, researcher 
bias and environmental variation are all factors that can skew data, so scientific 
control groups provide a baseline. As well as eliminating other variables, scientific 
control groups help the researcher to show that the experimental design is capable of 
generating results. There are two types of control groups. A negative control group is 
a control group that is not exposed to the experimental treatment or to any other 
treatment that is expected to have an effect. A positive control group is a control 
group that is not exposed to the experimental treatment but that is exposed to some 
other treatment that is known to produce the expected effect. These controls are 
particularly useful for validating the experimental procedure. Hence to validate this 
study both the controls were used and both showed the expected results. 
The medication period was standardized in this study for one week according 
to Sjeogren et al
75
, who stated that Ca(OH)2 has to remain within the canals at least 
for one week in order to achieve the optimal antimicrobial efficacy. Similarly, Basrani 
et al
76
. reported that for induction of CHX substantivity, dentin should be treated for 
seven days. Hence the intracanal medicaments used in this study, were placed for 
seven days. 
Antimicrobial testing methods for the in vitro investigation include Diffusion 
methods and dilution methods. The various diffusion methods are agar disk-diffusion 
method, antimicrobial gradient method, agar well diffusion method, agar plug 
diffusion method, cross streak method and poisoned food method. The dilution 
methods are broth dilution method and agar dilution method. Advanced antimicrobial 
testing methods include Time-kill test, ATP bioluminescence assay, Flow 
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cytofluorometric method, molecular methods like polymerized chain reaction and 
DNA-DNA hybridization and Spectrophotometry. 
Spectrophotometry was selected in this study as the optical density of the 
broth containing infected dentinal chips is directly related to the number of 
microorganism present and therefore could be used to examine the antimicrobial 
efficacy of the medicaments. Spectrophotometry is the quantitative measurement of 
the reflection or transmission properties of a material as a function of wavelength. 
This method was especially helpful when large numbers of sample size are taken as in 
a spectrophotometer and several cuvettes can be placed at a time reducing the 
working time. 
To determine and quantify the bacterial growth and culture, the optical density 
of the broth was assessed. Optical Density (OD) measurement of bacterial cultures is 
a common technique used in microbiology. Researchers have always relied on UV-
Visible spectrophotometers to make these measurements. The measurement is 
actually based on the amount of light scattered by the culture rather than the amount 
of light absorbed. The standard phases of bacterial culture growth (lag, log, stationary 
and death) are well documented, with the log phase recognized as the point where 
bacteria divide as rapidly as possible. To measure the optical density at 650 nm of a 
bacterial culture, to monitor bacterial growth, using a spectrophotometer has always 
been a central technique in microbiology. The underlying principle is that, most of the 
light scattered by the cells no longer reaches the photoelectric cell, so that the electric 
signal is weaker than a cell-free cuvette.  
The OD of a bacterial culture is thus primarily not an absorbance, as in the 
case of a dissolved dye. Cells of many bacteria are almost colourless and real light 
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absorption is marginal. It is therefore not correct to designate the OD of a culture as 
absorption; the most appropriate term would indeed be turbidity. Only strongly 
pigmented cells such as phototrophic (purple and green) bacteria cause a significant 
absorption of light in addition to scattering. 
In the present study, the organism produced predominantly colourless cultures. 
Hence, the density of the turbidity and the OD of a culture were dependent on the 
intensity of scattering light. Scattering of short wavelengths (such as of blue light) is 
stronger than that of long wavelengths (such as of red light). Any wavelength could 
be chosen for measurement, but once chosen, it should be kept constant for all 
following measurements. This wavelength (e.g. 650 nm) should be indicated when 
required (e.g. OD 650). The OD measured by a photometer depends on the geometry 
of the light beam, the position of the cuvette, and the photoelectric cell, i.e. on the 
photometer model and manufacturer
77
. Hence, the model of the photometer was not 
changed within the experiment. Even change between two photometers of the same 
model was avoided because there can be slight differences in light intensities. 
But, since only the OD caused by the cells has to be measured, any light 
absorption caused by the medium has to be subtracted. This was done initially by 
filling the cuvette with sterile (clear) growth medium, and placed in the photometer. 
An OD value of 0.001 for E.faecalis and S.mutans and 0.002 for C.albicans at 650 nm 
was recorded as the broth control. The maximum culture obtained without using any 
medicaments and the OD value of 0.393 for E.faecalis, 0.337 for S.mutans and 0.472 
for C.albicans at 650 nm was recorded as culture control.  Hence the corrected culture 
density value was obtained using the formula as mentioned in results. 
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In the present study, the infected samples after the incubation of organism 
were subjected to four intra canal medicaments, and the optical density was evaluated 
seven days after medicament placement. This was done to facilitate evaluation of 
bacterial re-growth within the samples after the placement of medicament. The culture 
density that was obtained for the samples after placement of medicament was 
statistically different (p<0.05) from the culture density of the control indicating some 
eradication of the respective organisms in using the various intracanal medicaments. 
In this study, Ca(OH)2, a commonly used intracanal medicament was evaluated 
to eradicate the poly microbial condition of the root canal. This medicament had 
resulted in statistically significant reduction of microbial count, (E.faecalis (p = 
0.000) S.mutans (p = 0.002) and C.albicans (p = 0.000) ) when compared to the 
positive control, for all the three microorganism. This finding was not in accordance 
with other studies by Haapasalo et al
63
 and Portenier et al
78
 showing that the 
antimicrobial effectiveness of Ca(OH)2 is abolished in the presence of dentin. 
Perhaps, some amount of inhibition in antimicrobial properties might be attributed to 
the same. But, a complete abolition of action is questionable. This inconsistency in 
findings is most likely a reflection of methodological differences. 
The antimicrobial activity of Ca(OH)2 is due to the release and diffusion of 
hydroxyl ions, which produces a highly alkaline environment incompatible with 
microbial survival. For Ca(OH)2, to act effectively as an intracanal dressing, the 
hydroxyl ions must be able to diffuse through dentin and pulpal tissue remnants. 
Nerwich et al
77
 demonstrated that hydroxyl ions derived from a Ca(OH)2 medication, 
infact diffuse through root dentin and hence, the pH values decrease as a function of 
distance from the main canal.  
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Despite its ability to drastically reduce bacterial numbers, Ca(OH)2 failed to 
achieve sterilization of the dentin surface. One explanation for this is the well 
recognised capacity of E. faecalis to resist the antibacterial effect of Ca(OH)2
78
. The 
biofilm forming ability of E. faecalis constitutes another important survival strategy, 
while its proficiency of invading dentinal tubules affords the organisms physical 
protection from chemo-mechanical root canal preparation and intracanal dressings
17
. 
Ca(OH)2 has low solubility, diffusibility and dentin buffering ability, which reduces 
its antibacterial effect of all the three organisms
8
. Hence an alternative to the 
conventional intracanal medication of Ca(OH)2 was eminent.  
The results of the study revealed that culture density of Ca(OH)2(83.2334%) 
was similar to TAP(80.1833%) and CHX(77.1233%) against C.albicans. The 
antimicrobial action of Ca(OH)2 against C.albicans might be due to the role of 
calcium ions in the regulation of C.albicans morphogenesis. It also inhibited the 
mycelial growth of C.albicans
79
. This could be a reason for Ca(OH)2 to have similar 
antifungal activity to that of TAP and CHX.  
The culture density that was obtained in this study after disinfection with TAP 
(57.8725%) was statistically significant from Ca(OH)2(74.9883%) against E.faecalis 
This correlates to the study done by Alireza et al 
48
 who concluded that TAP was 
more effective than Ca(OH)2 against E.faecalis. Minocyclin was the most effective 
component in eradicating E.faecalis. Minocycline is bacteriostatic in nature. This 
property may be advantageous because in the absence of bacterial cell lysis, antigenic 
byproducts such as endotoxin are not released. This could be the reason for the 
minocycline to be effective against E.faecalis
80
. The results in this study also reveals 
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that TAP (65.9350%, 80.1833%) was similar in action to Ca(OH)2 (76.3958%, 
83.2334%) against S.mutans and C.albicans.  
 The Culture density evaluation of the present study showed that CHX 
(20.7217%, 37.3200%) demonstrated significantly increase in antibacterial action 
against E.faecalis and S.mutans compared to Ca(OH)2(74.9883%, 83.2334%) and 
TAP(57.8725%, 65.9350%). This result is in accordance to Vaghela et al
44
, Attia et 
al
53
, Mozayeni et al
50
, Pektas et al
49
 and Gomes et al
8
. The probable reason why 2% 
CHX showed potent antibacterial action could be because it has broad spectrum 
antimicrobial effect, increased diffusion of the medicament into the dentinal tubules 
and can bind to the tissues and can be released over extended period of time 
(substativity). CHX in gel form has added advantage like low toxicity to the periapical 
tissues, viscocity that keeps the active agent in contact with the root canal walls and 
dentinal tubules and water solubility
72
.  
The culture density evaluation in this study showed that CHX (77.1233%) 
demonstrated similar antifungal action to TAP (80.1833%) and Ca(OH)2 (83.2334%). 
The results obtained were contradictory to a study by Attia et al
53
 and it may be due to 
the various factors like the type of intracanal medicaments compared and evaluation 
method used. 
CHX does possess certain disadvantages like no tissue dissolving property, 
discolouration of teeth, discolouration of some restorative materials and 
discolouration of dorsum of tongue, taste alteration, oral mucosa erosion, unilateral 
and bilateral parotid swelling, effectiveness is diminished by the serum albumin, 
might interfere with the sealing capacity of endodontic obturation, enhanced 
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supragingival calculus, tends to get inactivated in the presence of organic matter and 
bitter taste
81
. Hence this led to search for a more potent intracanal medicament. 
In this study, the post disinfection culture density of CHX (20.7217%, 
37.3200%, 77.1233%) was more when compared to CSnps(9.4043%, 9.8635%, 
52.4408%) against E.faecalis, S.mutans and C.albicans. This is contradictory to the 
study by Ballal et al in 2009
35
, the reason could be the difference in methodology 
used and the various antimicrobial actions of CSnps. The interaction between chitosan 
and microbial cells could be on the cell surface, which leads to increased permeability 
of cell wall and leakage of intracellular components, or inside the cell, which inhibits 
DNA and RNA synthesis and causes cell death. Chitosan can also act as a chelating 
agent that selectively binds certain trace metals and thus inhibits microbial growth. 
Chitosan can activate several defense processes in the host tissue, act as a water 
binding agent and inhibit various enzymes. Even binding of chitosan with DNA and 
inhibition of mRNA synthesis have been shown to occur through chitosan penetration 
toward the nuclei of the microorganisms and interfering with the synthesis of mRNA. 
 Andressa et al
82
 in their study stated that CHX has enhanced susceptibility to 
C.albicans only in an oxygen-free environment and this may be because oxygen is 
also a positively charged element and has a cationic behavior which will 
competitively reduce the action of CHX on C.albicans. This study was carried out in 
the presence of oxygen. Hence CHX showed less potent antifungal action than CSnps. 
Such a problem is not encountered by CSnps as chitosan acts by cell softening and an 
overall alteration of yeast morphology and therefore exhibited better antifungal 
activity. 
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The reduction of bacterial load by CSnps in the present study was more 
superior to other medicaments against all the three organisms tested. The antibacterial 
mechanism of Chitosan apart from electrostatic inhibition of the bacterial cell wall it 
also has other mechanisms like binding to microbial DNA, inhibiting bacterial 
enzymes and chelates metals which would block the nutrients for the microbes. The 
numerous mechanisms could have been the reason for better antimicrobial action.   
The advantage of CSnps over CHX is that it has chelating property and has the 
ability on dentin to resist bacterial adherence and early biofilm formation
83
. CSnps is 
also non toxic, naturally available and biocompatible. It can induce remineralization 
because of its functional phosphate group which binds to calcium ions to form a 
favourable surface for crystal nucleation, resulting in the formation of a calcium 
phosphate layer
84
. Chitosan treatment improves the resistance of the dentinal tubules 
to degradation by collagenase
59
. An electrostatic interaction is seen in both CHX and 
CSnps to bring about the antimicrobial action and it is suggested that greater the 
number of cationized amines, the higher will be the antimicrobial activity. CSnps 
exhibited higher cationized amines
85
 as it is not affected by the oxygen in the 
environment, hence exhibiting higher antimicrobial activity than CHX. 
CSnps in this study showed antibacterial action on gram positive organisms as 
the outer membrane of gram-positive organisms has a membrane composed by 
peptidoglycan associated to polysaccharides and teichoic acids. The lipoteichoic acid 
could provide a molecular linkage for chitosan at the cell surface, allowing it to 
disturb membrane functions. This supports the evidence that the leakage of 
intracellular material observed by chitosan in gram-positive bacteria causes the death 
of the bacteria. It has been demonstrated that hydrophilicity in gram-positive bacteria, 
making them more sensitive to chitosan
86
. The charge density on the cell surface is a 
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determinant factor to establish the amount of adsorbed chitosan. More adsorbed 
chitosan would evidently result in greater changes in the structure and in the 
permeability of the cell membrane. Tarsi et al in their study concluded that chitosan 
could efficiently eradicate S.mutans by producing of quaternary ammonium salts of 
chitosan soluble in water, which endowed with antibacterial activity against 
S.mutans
87. 
Within the limitations of the present study, it can be concluded that all the four 
intracanal medicaments used in this study exhibited significant reduction in culture 
density in experimentally infected root canals. Whereas, CSnps showed better 
antibacterial and antifungal efficacy and least cultural density when compared to 
Ca(OH)2, TAP and CHX. 
In the future, studies should be designed in an in vivo situation to validate the 
results obtained in this study and proving the efficacy of these medicaments. Further 
studies should be preferred with various medicaments and evaluation criteria to prove 
their disinfection efficacy in complete bacterial elimination from the root canals. 
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Within the limitations of the present study, it can be concluded that 
1. All the four medicaments used in this study exhibited significant reduction in 
bacterial count in experimentally infected root canals. 
2. Chitosan nanoparticles (CSnps) had the highest antimicrobial effect against 
E.faecalis, S.mutans and C.albicans, compared to 2% Chlorhexidine (CHX), 
Triple Antibiotic Paste (TAP) and Calcium Hydroxide Ca(OH)2. Hence it can 
be considered as an alternative intracanal medicament to commercially 
available Ca(OH)2.  
3. CHX showed promising antibacterial activity, but its antifungal activity was 
similar to TAP and Ca(OH)2 . 
4. TAP antimicrobial activity was superior to Ca(OH)2 with no statistical 
significant difference but inferior to CHX and CSnps. 
5. Ca(OH)2 was least effective against all the three microorganisms when 
compared to all the tested organisms, hence its use as intracanal medicament 
should be minimized and use of other medicaments should be encouraged. 
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This in vitro study was done to evaluate the antimicrobial efficacy of Calcium 
Hydroxide (Ca(OH)2), 2% Chlorhexidine(CHX), Triple Antibiotic Paste(TAP) and 
Chitosan nanoparticles(CSnps) as intracanal medicaments against E.faecalis, 
S.mutans and C.albicans.   
One hundred and eighty single rooted human mandibular premolars were 
selected for this study. Working length determination was calculated for all the 
samples and each sample was subjected to instrumentation using universal Protaper 
rotary system till size F3. After root canal instrumentation, the teeth were irrigated 
with 5% NaOCl and saline. Then the samples were decoronated with a diamond disc 
to a standardized length of 16mm. All the samples were sterilized in an autoclave at 
121ºC, 15 lbs pressure for 15 mins and stored in the sterile eppendrof tubes. The 
samples were broadly divided into three main groups (group 1, group 2 and group 3) 
with a sample size of 60 teeth (n=60). Each group of samples were contaminated with 
their respective organisms namely E. faecalis, S.mutans and C.albicans and incubated 
for 21 days. The samples were further subdivided into four experimental subgroups  
(subgroup A, subgroup B, subgroup C, subgroup D) and one control 
subgroup(subgroup E) (n=12).  
Ca(OH)2 was placed as intracanal medicament in subgroup 1A, 2A and 3A. 
2%CHX gel mixed with barium sulphate was placed as intracanal medicament in 
subgroup 1B, 2B and 3B. 1:1:1 ratio of metronidazole, ciprofloxacin and minocycline 
were taken in a motar and pestle and they were powdered into a fine mix. TAP that 
was obtained from the mixture, along with barium suphate was placed as intracanal 
medicament in subgroups 1C, 2C and 3C. CSnps mixed with glacial acetic acid and 
barium sulphate was placed as intracanal medicament in sub group 1D, 2D and 3D. 
The intracanal medicaments were coated in the canal space using lentulospiral and its 
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completeness was verified using radiographs. No medicaments were placed in the 
control sub groups 1E, 2E and 3E. 
 After the placement of intracanal medicament, the samples were incubated for 
7 days. The medicament packed in the canal space was cleaned manually with H files 
and saline.  A microbial sampling was done with dentinal chips that were obtained 
from root canal using 30 size sterile H file. The dentinal chips that were obtained were 
placed in a 15 ml test tube containing 3 ml of sterile Mitis Salivarius broth for 
E.faecalis and S.mutans and 3 ml of sterile Potato Dextrose broth for C.albicans. The 
samples were then incubated in an incubator for 48 hrs. After the incubation period a 
visual assessment for the appearance of turbidity in the test tube was done. A measure 
of the bacterial growth and culture was done by measuring the Optical Density (OD) 
of the broth culture on a spectrophotometer at 650 nm. The obtained optical density 
was subjected to calculation in order to draw the culture density. 
Data were analyzed statistically using Statistical Package for Social Sciences, 
(SPSS) version – 10 Software for Windows. Data were expressed in its mean and 
standard deviation and were analyzed using one way ANOVA and Student “t” test.  
The results of the study showed that there was a significant reduction in the 
microbial count for all the medicaments tested when compared with the culture group 
(p Value < 0.05). CSnps (E.faecalis 9.4043%, S.mutans 9.8635%, C.albicans 
52.4408%) displayed the highest antibacterial efficacy and Ca(OH)2 (E.faecalis 
74.9883%, S.mutans 76.395%, C.albicans 83.2334%), the least. CHX (E.faecalis 
20.7217%, S.mutans 37.3200%) showed similar antibacterial activity to CSnps 
(E.faecalis 9.4043%, S.mutans 9.8635%) but antifungal activity of CHX (C.albicans 
77.1233%) was similar to Ca(OH)2 (C.albicans 83.2334%) and TAP (C.albicans 
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80.1833%). Antimicrobial activity of TAP (E.faecalis 57.8725%, S.mutans 65.9350%, 
C.albicans 80.1833%) was similar to Ca(OH)2 (E.faecalis 74.9883%, S.mutans 
76.395%, C.albicans-83.2334%). 
Within the limitations of the present study, it can be concluded that, all the four 
medicaments used in this study exhibited significant reduction in bacterial count in 
experimentally infected root canals. CSnps had the highest antimicrobial effect 
against E.faecalis, S.mutans and C.albicans, compared to CHX, TAP and Ca(OH)2. 
Hence it can be considered as an alternative intracanal medicament to commercially 
available Ca(OH)2. CHX showed promising antibacterial activity, but its antifungal 
activity was similar to TAP and Ca(OH)2 . TAP antimicrobial activity was superior to 
Ca(OH)2 with no statistical significant difference but inferior to CHX and CSnps. 
Ca(OH)2 was least effective against all the three microorganisms when compared to 
all the tested organisms, hence its use as intracanal medicament should be minimized 
and use of other medicaments should be encouraged. 
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